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(54) VEHICLE BRAKED BY MOTOR TORQUE AND METHOD OF CONTROLLING THE VEHICLE 



(57) The present invention enables a deceleration 
to be readily adjustable in the course of braking control 
with a torque of a motor mounted on a vehicle. In one 
embodiment, the vehicle has a power system including 
an engine 1 0, a motor 20, a torque converter 30. a trans- 
mission 1 00, and an axle 1 7 that are linked with one an- 
other in series. The transmission is a mechanism that 
changes over a gear ratio under control of a control unit 
70 to vary the transmitted torque. The driver manipu- 
lates a gearshift lever in the vehicle to specify a desired 
deceleration by power source braking. The control unit 
refers to a predetermined map and specifies a combi- 
nation of motor torque and gear ratio to attain the spec- 
ified deceleration. In the course of braking control, the 
deceleration is corrected according to a step-on amount 
of an accelerator pedal in a range of piay of the accel- 
erator pedal. This arrangement facilitates minute adjust- 
ment of the deceleration by the power source braking. 



Fig.l 
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Description 

Technical Field 

[0001] The present invention relates to a vehicle that 
may be braked with a motor as well as with a mechanical 
brake utilizing frictional force, and also to a method of 
controlling such a vehicle. More specifically the present 
invention pertains to a vehicle that is braked with a motor 
to attain an arbitrarily adjustable speed reduction rate, 
as well as to a controlling method to actualize such brak- 
ing. 

Background Art 

[0002] A hybrid vehicle with both an engine and a mo- 
tor as the power source has been proposed as one form 
of vehicles. For example, a hybrid vehicle disclosed in 
JAPANESE PATENT LAID-OPEN . GAZETTE No. 
9-37407 additionally has a motor placed in series be- 
tween an engine and a transmission in a power system 
of an ordinary vehicle where an output shaft of the en- 
gine is connected with a drive shaft via the transmission. 
This arrangement enables the hybrid vehicle to be driv- 
en by means of both the engine and the motor as the 
power source. The engine generally has poor fuel con- 
sumption at a time of starting the vehicle. In order to 
avoid the driving of poor fuel consumption, the hybrid 
vehicle makes a start by utilizing the power of the motor. 
After the speed of the vehicle reaches a predetermined 
level, the hybrid vehicle starts its engine and is subse- 
quently driven by utilizing the power of the engine. The 
hybrid vehicle accordingly improves the fuel consump- 
tion at the time of starting. The hybrid vehicle causes 
the motor to regenerate the rotations of the drive shaft 
as electric power, which is used for braking (hereinafter 
such braking is referred to as the regenerative braking). 
The hybrid vehicle carries out the regenerative braking 
and thereby enables the kinetic energy to be used with- 
out significant wastes. These characteristics desirably 
improve the fuel consumption of the hybrid vehicle. 
[0003] There are two different types of braking in the 
vehicle. One braking process presses a brake pad 
against the drive shaft in response to actuation of a 
brake pedal, so as to apply frictional force to the axle 
(hereinafter referred to as the wheel braking). The other 
braking process causes the power source to apply a 
load to the drive shaft, like. engine brake (hereinafter re- 
ferred to as the power source braking). The hybrid ve- 
hicle utilizes, as the power source braking, engine brake 
based on a pumping loss of the engine and regenerative 
braking due to a regenerative toad of the motor. The 
power source braking does not require the driver to 
change the foot position from the accelerator pedal to 
the brake pedal for the purpose of braking. In order to 
enhance the effectiveness of the power source braking, 
it is desirable to arbitrarily set a speed reduction rate 
required by the driver. 
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[0004] The engine brake results in a substantially 
fixed speed reduction rate according to the engine 
speed, unless the open and close timings of an intake 
valve and an exhaust valve are changed. In order to at- 

s tain a desired speed reduction rate by engine brake, the 
driver is required to operate a gearshift level to vary the 
gear ratio of the transmission and thereby change the 
ratio of the torque of the power source to the torque out- 
put to the drive shaft. The advantage of the regenerative 

10 braking of the motor is, on the other hand, relatively easy 
control of the regenerative load, which leads to relatively 
easy control of the speed reduction rate. From this point 
of view, the hybrid vehicle disclosed in JAPANESE PAT- 
ENT LAID-OPEN GAZETTE No. 9-37407 controls the 

15 regenerative speed reduction rate of the motor, in order 
to attain the desired speed reduction rate set by the driv- 
er. 

[0005] The prior art hybrid vehicle, however, requires 
specific operations to change the setting of the speed 

20 reduction rate. The power source braking does not read- 
ily attain the driver's desired speed reduction rate and 
is thus not utilized effectively enough. The required 
speed reduction rate frequently varies according to the 
driving state of the vehicle. In the prior art hybrid vehicle, 

25 the change of the actual speed reduction rate does not 
sufficiently follow the variation in required speed reduc- 
tion rate. Namely the prior art hybrid vehicle has difficul- 
ties in subtle adjustment of the speed reduction rate. 
[0006] In the prior art hybrid vehicle, the speed reduc- 

30 tion rate can be set only in a changeable range of the 
regenerative load of the motor. In some cases, the hy- 
brid vehicle can not sufficiently attain the speed reduc- 
tion rate required by the driver. The insufficient speed 
reduction rate occurs especially in the course of high- 

35 speed driving of the vehicle. 

[0007] Utilizing the wheel braking to compensate for 
the insufficiency of the speed reduction rate damages 
the advantage of the power source braking that effects 
the braking without any change of the foot position. The 
wheel braking causes the kinetic energy of the vehicle 
to be consumed in the form of thermal energy and ac- 
cordingly damages the advantage of the hybrid vehicle 
that is the effective use of energy. 
[0008] In the prior art hybrid vehicle, a large speed 

45 reduction rate may be attained by operating the gear- 
shift lever to change the gear ratio of the transmission. 
In this case, however, the speed reduction rate drasti- 
cally varies with the operation of the gearshift lever, 
which results in a poor ride. 

so [0009] The problems discussed above arise not only 
in the hybrid vehicle with both the engine and the motor 
as the power source but in any vehicle that is braked 
with the torque of the motor. The problems are also 
found in vehicles with a motor that is not used as the 

55 power source during a drive but is mounted for the pur- 
pose of regenerative braking. 
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Disclosure of the Invention 

[0010] One object of the present invention is thus to 
provide a vehicle that readily regulates the speed reduc- 
tion rate in the process of braking with the torque of a 
motor by a compatible operation, which does not make 
the driver feel uneasy, as well as a method of controlling 
such a vehicle. Another object of the present invention 
is to provide a vehicle that enables smooth regulation of 
the speed reduction rate in a wide possible range of set- 
ting in response to a driver's instruction, and a control- 
ling method to attain such braking. 
[0011] The present invention adopts the following ar- 
rangement, in order to attain at least part of the above 
and the other related objects. 

[0012] The present invention is thus directed to a ve- 
hicle that is driven while regulating power output from a 
power source to a drive shaft through an operation of 
an accelerator unit. The vehicle includes: a motor that 
is capable of applying a braking force to the drive shaft; 
a detection unit that measures an operating amount of 
the accelerator unit; a target speed reduction rate set- 
ting unit that, when the observed operating amount of 
the accelerator unit is not greater than a predetermined 
level, sets a target speed reduction rate of the vehicle 
corresponding to the observed operating amount, 
based on a preset relationship between operating 
amount and speed reduction rate; a motor driving state 
specification unit that specifies a target driving state of 
the motor to apply a required braking force to the drive 
shaft, in order to attain the setting of the target speed 
reduction rate; and a control unit that controls the motor 
to be driven in the target driving state, so as to brake 
the vehicle. 

[0013] The target driving state of the motor is speci- 
fied with a diversity of driving state-related parameters, 
for example, a target torque, a quantity of electric power 
regenerated by the motor, and a value of electric current 
flowing through the motor. 

[001 4] In the vehicle of the present invention, the tar- 
get speed reduction rate is set corresponding to the ob- 
served operating amount of the accelerator unit. The ve- 
hicle is under braking control with the setting of the tar- 
get speed reduction rate. The accelerator unit is manip- 
ulated to specify a required magnitude of the power to 
be output from the power source. The accelerator unit 
generally has a margin of manipulation called play. 
When the operating amount of the accelerator unit is 
sufficiently small to be within a range of the play, the 
accelerator unit does not function to specify the magni- 
tude of the output power. The vehicle of the present in- 
vention enables the driver to set the target speed reduc- 
tion rate according to the operating amount of the ac- 
celerator unit in this range of the play. This arrangement 
thus allows the driver to readily adjust the speed reduc- 
tion rate without feeling any incompatibility during a 
drive. The accelerator unit is a manipulation unit that is 
frequently operated during the drive. The vehicle of the 



present invention thus ensures adjustment of the target 
speed reduction rate : which well follows a variation in 
required speed reduction rate with a change of the driv- 
ing state of the vehicle, while advantageously allowing 

5 .minute adjustment of the target speed reduction rate. 
[001 5] The principle of the present invention is not re- 
stricted to the application of setting the target speed re- 
duction rate in response to the operating amount of the 
accelerator unit in the range of the play. The predeter- 

10 mined level of the operating amount may be set to a val- 
ue exceeding the range of the play. In the vehicle of the 
present invention, the accelerator unit that is manipulat- 
ed to specify a variation in required power is also used 
to set the target speed reduction rate. For the purpose 

*5 of making the conflicting instructions compatible, the ef- 
fected instruction is changed, according to the range of 
the operation of the accelerator unit, between the spec- 
ification of the required magnitude of the output power 
and the setting of the target speed reduction rate. This 

20 arrangement ensures the effects of trie present inven- , . 
"lion "disclissea above". The predetermined level of the 
operating amount is thus not restricted to the range of 
the play, but may be set in any range suitable for the 
specification of the required power and the setting of the 

25 target speed reduction rate. 

[0016] The following concretely explains the advan- 
tages of the arrangement that allows the target speed 
reduction rate to be set in response to the operation of 
the accelerator unit. The accelerator unit is typically con- 
so structed as an accelerator pedal. The braking control 
with the torque of the motor is effected in response to 
reduction of the depression of the accelerator pedal. 
When the reduced depression does not give a desired 
speed reduction rate corresponding to a driver's require- 

35 ment, the driver steps on a brake pedal to effect wheel 
braking and thereby raise the speed reduction rate. This 
requires a change of the foot position from the acceler- 
ator pedal to the brake pedal. Acceleration after the 
speed reduction requires another change of the foot po- 

*o sition from the brake pedal to the accelerator pedal. 
Such frequent change of the foot position worsens the 
operatability of the vehicle. 

[0017] In the vehicle of the present invention, howev- 
er, the desired speed reduction rate corresponding to 

45 the driver's requirement is achieved according to the re- 
duced depression of the accelerator pedal as discussed 
above. The driver can thus brake the vehicle and re-ac- 
celerate the vehicle immediately after the speed reduc- 
tion without any change of the foot position between the 

so accelerator pedal and the brake pedal. Varying the step- 
on amount of the accelerator pedal allows minute ad- 
justment of the speed reduction rate. The arrangement 
of the present invention thus significantly improves the 
operatability of the vehicle. The above discussion re- 

55 gards the accelerator unit constructed as the accelera- 
tor pedal. The advantages discussed above are : how- 
ever, not restricted to such construction as the pedal. 
[0018] Engine brake applies a practically unequivo- 
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cally fixed speed reduction rate corresponding to the ve- 
hicle speed. A special mechan ism is required to vary the 
speed reduction rate by the power source braking; for 
example, a mechanism of changing the on-off timings 
of an intake valve and an exhaust valve of the engine. 
The speed reduction rate by the motor, on the other 
hand, can be regulated rather easily and has a higher 
response. The vehicle of the present invention attains 
the desired speed reduction rate corresponding to the 
driver's requirement, based on such advantages of the 
braking control by the motor. 

[0019] The vehicle of the present invention has a fur- 
ther advantage on the energy efficiency. The wheel 
braking typically converts the kinetic energy of the vehi- 
cle into thermal energy through friction of the drive shaft 
against a brake pad and discharges the thermal energy 
to outside, so as to effect the braking control. This is not 
preferred from the viewpoint of the energy efficiency. 
The regenerative braking control by the motor, on the 
other hand, regenerates the kinetic energy of the vehicle 
in the form of electric power and thus allows the energy 
to be effectively used for a subsequent drive. The vehi- 
cle of the present invention allows a wide range of re- 
generative braking control by the motor, thus desirably 
enhancing the energy efficiency of the vehicle, 
[0020] In the specification hereof, the speed reduction 
rate represents a parameter related to speed reduction 
of the vehicle; for example, a deceleration, that is, a de- 
crease in vehicle speed per unit time, or a braking force. 
[0021] In the specification hereof, the term 'vehicle 1 
represents vehicles of diverse types. The first type in- 
cludes vehicles using only a motor as the power source, 
that Is, pure electric vehicles. The second type includes 
hybrid vehicles using both an engine and a motor as the 
power source. The hybrid vehicles are classified into two 
groups: parallel hybrid vehicles where the output power 
of the engine is directly transmittable to the drive shaft; 
and series hybrid vehicles where the output power of 
the engine is not directly transmitted to the drive shaft 
but is used only for power generation. The principle of 
the present invention is applicable to both the hybrid ve- 
hicles. The present invention may also be applied to ve- 
hicles with three or more prime movers including a motor 
as the power source. The third type includes vehicles 
using an engine as the power source for driving but hav- 
ing a motor for regenerative braking control. 
[0022] The vehicle of the present invention may be 
provided with another braking force source to apply the 
braking torque, in addition to the motor. In the structure 
that has only the motor as the braking force source, the 
motor driving state specification unit specifies the target 
torque of th e motor to effect all the desired speed reduc- 
tion rate. The target torque generally takes a negative 
value, and the motor carries out regenerative operation. 
In the structure that has a plurality of different braking 
force sources including the motor, on the other hand, 
the motor driving state specification unit specifies the 
target torque of the motor by taking into account the 



speed reduction rate by the separate braking force 
source other than the motor. In the latter structure, the 
speed reduction rate by the other braking force source 
may be treated as a preset value. The torque of the mo- 
5 tor may alternatively be subject to feedback control, in 
order to make the total speed reduction rale reach a pre- 
determined level. 

[0023] In the vehicle of the present invention, a diver- 
sity of settings may be applied for the predetermined re- 
10 lationship referred to by the target speed reduction rate 
setting unit. 

[0024] Especially preferable is that the predetermined 
relationship referred to by the target speed reduction 
rate setting unit increases the speed reduction rate with 

15 a decrease in operating amount. One example of such 
setting is a relationship of decreasing the speed reduc- 
tion rate inversely proportional to the operating amount. 
[0025] The accelerator unit is generally designed to 
increase the power output from the power source in re- 

20 sponse to the greater operating amount. In other words, 
the accelerator unit is generally constructed to decrease 
the required power and lower the acceleration of the ve- 
hicle in response to the smaller operating amount. The 
arrangement of increasing the speed reduction rate with 

25 a decrease in operating amount of the accelerator unit 
well agrees with the driver's feeling. The vehicle with the 
above setting for the predetermined relationship thus 
enables the driver to adjust the target speed reduction 
rate without feeling any incompatibility, thus ensuring 

30 the excellent operatability. 

[0026] It is also preferable that the predetermined re- 
lationship referred to by the target speed reduction rate 
setting unit gives a significantly greater speed reduction 
rate in a specific state practically corresponding to the 

35 operating amount of zero than speed reduction rates in 
residual states. 

[0027] Such setting for the predetermined relation- 
ship attains the speed reduction rate better suited to the 
driver's feeling. The driver sets the operating amount of 

^o the accelerator unit equal to zero, that is, sets the ac- 
celerator unit in OFF position, when requiring rather 
abrupt braking control. The braking control at the signif- 
icantly greater speed reduction rate in the OFF state of 
the accelerator unit than the speed reduction rates in 

45 the other states well follows the driver's requirement. 
The vehicle of the above arrangement thus ensures the 
effective braking control by the motor. 
[0028] A setting of continuously varying the speed re- 
duction rate according to the operating amount may also 

so be applicable to the vehicle of the present invention, 
where a reference speed reduction rate is set in the OFF 
state of the accelerator unit. In this case, however, the 
variation in speed reduction rate per unit operating 
amount of the accelerator unit, that is, the rate of change 

55 of the speed reduction rate, is relatively steep to ensure 
a sufficient level of the reference speed reduction rate. 
The large rate of change of the speed reduction rate 
makes it difficult to minutely adjust the speed reduction 
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rate. The above setting for the predetermined relation- 
ship ensures the sufficient level of the reference speed 
reduction rate in the OFF state of the accelerator unit, 
while specifying the relationship between the speed re- 
duction rate and the operating amount at the specific 
rate of change that enables minute adjustment of the 
speed reduction rate in the other states. 
[0029] In the above setting of the predetermined rela- 
tionship, the specific state practically corresponding to 
the operating amount of zero is defined by taking into 
account the resolving power of a sensor for measuring 
the operating amount of the accelerator unit. The spe- 
cific state is not restricted to the state of setting the op- 
erating amount strictly equal to zero, but may include a 
range in which the operating amount is determined to 
be practically zero by taking into account the resolving 
power of the sensor. 

[0030] When the vehicle of the present invention has 
a braking mechanism that utilizes mechanical frictiona! 
force,. that is, a mechanism of wheel braking, the rela- 
tionship between the operating amount of the accelera- 
tor unit and the speed reduction rate may be changed 
according to the on-off state of the wheel braking. One 
possible application sets the speed reduction rate by the 
motor in the ON state of the wheel braking to be greater 
than the speed reduction rate in the OFF state of the 
wheel braking. The driver generally requires a greater 
speed reduction rate in the ON state of the wheel brak- 
ing. Such setting thus attains the braking control well 
suited to the driver's feeling. 

[0031] The relationship between the operating 
amount of the accelerator unit and the speed reduction 
rate may be specified comprehensively, based on a di- 
versity of parameters. 

[0032] For example, when the vehicle is provided with 
a vehicle speed detection unit that measures vehicle 
speed of the vehicle, the target speed reduction rate set- 
ting unit may set the target speed reduction rate, based 
on the observed operating amount and the observed ve- 
hicle speed. 

[0033] In accordance with one preferable embodi- 
ment of the present invention, the vehicle further in- 
cludes: a transmission that is capable of selecting one 
among a plurality of different gear ratios in the course 
of applying a braking force and is interposed between 
the motor and the drive shaft; a selection unit that se- 
lects a target gear ratio to attain the target speed reduc- 
tion rate with a torque of the motor; and a change speed 
control unit that controls the transmission to effect the 
target gear ratio. 

[0034] The vehicle of this construction attains an ad- 
equate gear ratio corresponding to the speed reduction 
rate specified by the driver and the magnitude of the 
torque of the motor by means of the selection unit. Con- 
trolling the driving state of the motor at the adequate 
gear ratio gives the speed reduction rate specified by 
the driver. The vehicle of this arrangement totally con- 
trols both the transmission and the motor, thus ensuring 



a wide range of braking control well following a driver's 
requirement. 

[0035] In the vehicle of this arrangement, the relation- 
ship between the operating amount of the accelerator 

5 . -unit and the target speed reduction rate may be changed 
according to the gear ratio cunently used for driving. 
[0036] In the vehicle with the transmission, it is pref- 
erable that the predetermined relationship referred to by 
the target speed reduction rate setting unit is specified 

10 to cause a variable range of the speed reduction rate 
corresponding to the operating amount to be allowed in 
a fixed gear ratio of the transmission; 
[0037] . Such setting for the predetermined relation- 
ship keeps the gear ratio of the transmission at a fixed 

*s value even when the speed reduction rate is adjusted 
by varying the operating amount of the accelerator unit. 
Namely the variation in speed reduction rate is imple- 
mented by controlling the motor. This arrangement en- 
ables adjustment of the speed reduction rate without 

?o changing the gear ratio, thus ensuring smooth driving. 
[0038] The principle of the present invention is appli- 
cable to a diversity of vehicles having the power source 
of various structures, 

[0039] It is especially preferable to apply the tech- 
25 nique of the present invention to a vehicle with both the 
motor and an engine as the poser source. 
[0040] The present invention is desirably applied to a 
hybrid vehicle with both the motor and the engine 
mounted thereon, where the motor is used as the power 
3b source and the output power of the engine is transmit- 
table to the axle. As mentioned previously, it is rather 
difficult to adjust the speed reduction rate by the engine 
brake in the vehicle with only the engine as the power 
source. In the hybrid vehicle with both the engine and 
the motor as the power source, on the other hand, the 
total speed reduction rate of the vehicle is adjusted rath- 
er easily by regulating the braking torque of the motor. 
Application of the present invention for the hybrid vehi- 
cle with the engine as the main powersqurce significant- 
ly enhances the effectiveness of the power source brak- 
ing. 

[0041] The hybrid vehicle is preferably provided with 
the transmission discussed above. The hybrid vehicle 
of the above configuration generally has the motor as 
the auxiliary power source second to the engine. The 
motor is used, for example, at the time of starting the 
vehicle or during a low-speed drive, and is also utilized 
to supplement an insufficient of torque by the engine.' 
The parallel hybrid vehicle typically has a small-sized 
motor of a relatively low output rating for this purpose. 
The motor alone does not have a sufficient ability of re- 
generative braking control required by the driver. The 
combined use of the transmission enables a wide range 
of braking control and ensures the especially effective 
application of the present invention. 
[0042] In accordance with another preferable embod- 
iment of the present invention, the vehicle further in- 
cludes: a manipulation unit that is independent of the 
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accelerator unit and enables a driver of the vehicle to 
specify a desired speed reduction rate in the course of 
braking control with the motor; and a change unit that 
changes a setting range of the target speed reduction 
rate of the vehicle according to the operating amount of 
the accelerator unit, in response to an operation of the 
manipulation unit. 

[0043] In the vehicle of this embodiment, the driver 
operates the manipulation unit to change the setting 
range of the target speed reduction rate. The target 
speed reduction rate may be adjusted minutely accord- 
ing to the operating amount of the accelerator unit. This 
arrangement enables the driver to utilize the braking 
control by the motor in a wider range, thus significantly 
enhancing the operatability of the vehicle. 
[0044] In the case of a requirement of a relatively large 
speed reduction rate, for example, in the case of pref- 
erence of a crisp run over the good ride, the driver op- 
erates the manipulation unit to change the setting range 
of the target speed reduction rate to a higher side. Ma- 
nipulation of the accelerator unit after such a change 
allows minute adjustment of the speed reduction rate 
about a relatively large reference speed reduction rate. 
When the road surface has a relatively low friction co- 
efficient, for example, in the case of snow-covered road, 
the driver operates the manipulation unit to change the 
setting range of the target speed reduction rate to a low- 
er side, in order to prevent the occurrence of a slip. Ma- 
nipulation of the accelerator unit after such a change 
allows minute adjustment of the speed reduction rate 
about a relatively small reference speed reduction rate. 
The whole range of the speed reduction rate required 
by the driver may be set without any operation of the 
manipulation unit but through only the operation of the 
accelerator unit. The combination of the setting of the 
speed reduction rate through the operation of the ma- 
nipulation unit with the adjustment through the operation 
of the accelerator unit advantageously facilitates the 
minute adjustment of the speed reduction rate. 
[0045] In the vehicle having the independent manip- 
ulation unit for the setting of the speed reduction rate 
from the accelerator unit, the setting range of the target 
speed reduction rate may be changed in response to 
the operation of the manipulation unit, and the target 
speed reduction rate is adjusted according to the oper- 
ating amount of the accelerator unit. The same effects 
may be achieved by different applications. One applica- 
ble method sets the target speed reduction rate in re- 
sponse to the operation of the manipulation unit and 
then corrects the target speed reduction rate according 
to the operating amount of the accelerator unit. Another 
applicable method sets the target speed reduction rate 
in response to the operation of the manipulation unit and 
then corrects the target torque of the motor according 
to the operating amount of the accelerator unit. These 
methods are only modifications of the processing and 
are practically equivalent to the above arrangement. 
[0046] A diversity of structures may be applied for the 



manipulation unit. 

[0047] For example, the manipulation unit may in- 
clude a first switch that shifts the setting range in a step- 
wise manner in a direction of increasing the speed re- 
5 duction rate, and a second switch that shifts the setting 
range in a stepwise manner in a direction of decreasing 
the speed reduction rate. The first switch and the second 
switch may be mounted on a steering wheel of the ve- 
hicle. This arrangement advantageously ensures the 

10 high operatability. 

[0048] The manipulation unit may have a mechanism 
that allows the driver to specify the desired speed re- 
duction rate by sliding a lever along a preformed slide 
groove. Especially the mechanism of continuously var- 

15 ying the setting of the speed reduction rate by a slide of 
the lever desirably heightens the degree of freedom in 
setting of the speed reduction rate. 
[0049] In the case where the vehicle further includes: 
a transmission that is capable of selecting one among 

20 a plurality of different gear ratios for power output from 
the power source; and a gearshift lever that is operated 
to input a selected gearshift position, which represents 
a selectable range of the gear ratio during a drive of the 
vehicle, it is preferable that the manipulation unit and 

25 the gearshift fever have a common mechanism. This ar- 
rangement does not require a separate manipulation 
unit and desirably gives the manipulation unit of ex- 
tremely high operatability. 

[0050] In another preferable example, the manipula- 
te tion unit has a slide groove, along which the gearshift 
lever is slid during a drive of the vehicle, and another 
slide groove, along which the gearshift lever is slid to 
specify the desired speed reduction rate, where these 
slide grooves are provided in series. This enhances the 
35 operatability in the process of specifying the speed re- 
duction rate. 

[0051] It is preferable that the vehicle with the manip- 
ulation unit for changing the setting range of the speed 
reduction rate has an information unit that gives the driv- 

40 er information regarding a setting state of the speed re- 
duction rate. The information unit allows the driver to 
readily recognize the setting range of the speed reduc- 
tion rate in response to the driver's own operation. The 
information unit may be constructed in the form of a dis- 

45 play unit that displays the setting range of the deceler- 
ation or in the form of an acoustic unit that informs the 
driver of the setting state of the speed reduction rate by 
acoustic means. The information given here may be any 
suitable piece of information; for example, information 

50 representing the setting range of the speed reduction 
rate or information representing a deviation from the ref- 
erence speed reduction rate. 

[0052] In accordance with still another preferable em- 
bodiment of the present invention, the vehicle further in- 
55 eludes: a torque converter having a mechanism that 
converts the output power to another combination of 
torque and revolving speed by utilizing a slip between 
two rotating members and transmits the converted pow- 
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er, and a lock mechanism that locks up relative rotations 
of the two rotating members to allow direct transmission 
of the output power, the mechanism and the lock mech- 
anism being provided on a pathway for transmitting the 
braking force of the motor to the drive shaft; and a lock 
mechanism regulation unit that, when the observed op- 
erating amount of the accelerator unit is not greater than 
a predetermined value, regulates the lock mechanism 
to fall into a specific state for restricting the slip between 
the two rotating members of the torque converter. 
[0053] Regulating the lock mechanism during the 
braking control restricts the relative slip between the two 
rotating members of the torque converter. The braking 
force of the motor is thus transmitted to the drive shaft 
with little loss. 

[0054] The torque converter may have a known 
mechanism utilizing a fluid. 

[0055] In the application of regulating the lock mech- 
anism, the specific state may lock up the relative rota- 
- tions of the two rotating members. The predetermined 
Value may' be set in a range smaller than a specific op- 
erating amount to start braking control. This arrange- 
ment ensures the braking control well suited to the driv- 
er's feeling. The present invention is, however, not re- 
stricted to such settings, but may be applicable to a di- 
versity of other arrangements. 

[0056] The vehicle with the torque converter may fur- 
ther include: a transmission that is capable of selecting 
one among a plurality of different gear ratios to transmit 
the braking force of the motor to the drive shaft; a gear- 
shift position input unit that is manipulated to specify a 
selectable range of gear ratio of the transmission; and 
a mechanical braking mechanism that is operated to ap- 
ply the braking force to the drive shaft by mechanical 
frictional force. In this application, the control unit regu- 
lates the gear ratio to allow selection of a greater gear 
ratio exceeding the selectable range specified by the 
gearshift position input unit, when the mechanical brak- 
ing mechanism is operated. 

[0057] Combination of the regulation of the gear ratio 
with the control of the motor attains the target speed re- 
duction rate. In this embodiment, regulation of the gear 
ratio may exceed the restriction set by the gearshift po- 
sition. This arrangement enhances the achievement of 
the target speed reduction rate. The control unit may be 
constructed as a unit of simply increasing the gear ratio 
by one step, irrespective of the specification of the gear- 
shift position input unit, while the mechanical braking 
mechanism is being operated. 

[0058] Other than the vehicles having any of the ar- 
rangements discussed above, the present invention 
may be actualized by a method of controlling such ve- 
hicles. 



Brief Description of the Drawings 
[0059] 

5 . Fig. 1 schematically illustrates the construction of a 
hybrid vehicle in one embodiment of the present in- 
vention; 

Fig. 2 illustrates the internal structure of a transmis- 
sion 100; 

10 Fig. 3 shows the relationship between the state of 
coupling of the respective clutches, brakes, end 
one-way clutches and the change-speed gear po- 
sition; 

Fig. 4 shows a manipulation unit 160 for selecting 
15 the gearshift position in the hybrid vehicle of the em- 
bodiment; 

Fig. 5 shows operation elements mounted on a 
steering wheel; 

Fig. 6 shows another manipulation unit 160A having 
20 . a modified structure;'. . . : .:-7.- 

~ Fig." 7 shows an instrument panel in the hybrid ve- 
hicle of the embodiment; 

Fig. 8 shows connections of input and output sig- 
nals into and from a control unit 70 in the hybrid ve- 
25 hide of the embodiment; 

Fig. 9 is a map showing the relationship between 
the driving state of the vehicle and the power 
source; 

Fig. 10 is a map showing the relationship between, 
30 the position of the change-speed gear in the trans- 
mission 100 and the driving state of the vehicle; 
Fig. 11 is a map showing the combinations of the 
vehicle speed, the deceleration, and the position of 
the change-speed gear in the hybrid vehicle of the 
35 embodiment; 

Fig. 12 is a map showing the relationship between 
the deceleration and the position of the change- 
speed gear at a certain vehicle speed Vs; 
Fig. 13 is a graph showing a variation in decelera- 
te tion at a fixed position of the change-speed gear; 

Fig. 14 schematically illustrates a comparison be- 
tween a braking torque in the case where the motor 
20 carries out the regenerative operation and a 
braking torque in the case where the motor 20 car- 
45 ries out the power operation; 

Fig. 15 is a flowchart showing a speed reduction 
control routine; 

Fig! 16 shows the position of an accelerator pedal; 
Fig. 1 7 is a flowchart showing a routine of initial set- 
50 ting process; 

Fig. 18 is a flowchart showing a routine of deceler- 
ation setting process; 

Fig. 19 is a timing chart showing a first example of 
the setting of the deceleration; 
55 Fig. 20 is a timing chart showing a second example 
of the setting of the deceleration; 
Fig. 21 is a timing chart showing a third example of 
the setting of the deceleration; 
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Fig. 22 is a timing chart showing a fourth example 
of the setting of the deceleration; 
Fig . 23 is a flowchart showing a change-speed gear 
position selection routine; 

Fig. 24 is a flowchart showing a braking control 
process routine; 

Fig. 25 shows settings of an accelerator position 
correction coefficient; 

Fig. 26 shows the relationship between the change- 
able range of the deceleration according to the ac- 
celerator position and the change-speed gear posi- 
tion; 

Fig. 27 schematically illustrates the construction of 
a series hybrid vehicle in a second embodiment of 
the present invention; 

Fig. 28 schematically illustrates the construction of 
a vehicle in a third embodiment of the present in- 
vention; 

Fig.. 29 is a flowchart showing a speed reduction 
control routine executed in a fourth embodiment of 
the present invention; 

Fig. 30 shows settings of braking torque in the fourth 
embodiment; 

Fig. 31 shows the coupling state of a lockup clutch; 
and 

Fig. 32 shows the relationship between the coupling 
force of the lockup clutch and the braking torque of 
the motor. 

Best Modes of Carrying Out the Invention 

[0060] Some modes of carrying out the present inven- 
tion are discussed below as preferred embodiment. 

(1) Construction of System 

[0061 ] Fig. 1 schematically illustrates the construction 
of a hybrid vehicle in one embodiment of the present 
invention. The hybrid vehicle of the embodiment has an 
engine 10 and a motor 20 as power source thereof. A 
power system of the hybrid vehicle of this embodiment 
includes the engine 1 0, the motor 20, a torque converter 
30, and a transmission 100 that are connected in this 
sequence from the upstream side. More specifically, the 
motor 20 is linked with a crankshaft 12 of the engine 10, 
whereas a rotating shaft 1 3 of the motor 20 is linked with 
the torque converter 30. An output shaft 14 of the torque 
converter 30 is linked with the transmission 1 00. An out- 
put shaft 15 of the transmission 100 is linked with an 
axle 17 via a differential gear 16. 
[0062] The engine 10 is an ordinary gasoline engine. 
The engine 10 has a mechanism of regulating the open 
and close timings of an intake valve, which causes a 
gaseous mixture of gasoline and the air to be sucked 
into a cylinder, and an exhaust valve, which causes the 
hot combustion exhaust to be discharged from the cyl- 
inder, relative to vertical movements of a piston (here- 
inafter this mechanism is referred to as the VVT mech- 



anism). The structure of the VVT mechanism is known 
in the art and is thus not described here in detail. The 
VVT mechanism of the engine 10 regulates the open 
and close timings of the intake and exhaust valves to 

5 delay the actual closing operations of the respective 
valves relative to the vertical movements of the piston, 
thereby reducing the pumping loss. This results in de- 
creasing the braking force by engine brake. The VVT 
mechanism also reduces the torque to be output from 

10 the motor 20 in the course of motoring the engine 10. 
The VVT mechanism controls the open and close tim- 
ings of the respective valves to attain the highest com- 
bustion efficiency according to the speed of the engine 
1 0 in the process of outputting power through combus- 
ts tion of gasoline. 

[0063] The motor 20 is a three-phase synchronous 
motor, which includes a rotor 22 with a plurality of per- 
manent magnets attached to the circumferential face 
thereof and a stator 24 with three-phase coils wound 

20 thereon to generate a revolving magnetic field. The mo- 
tor 20 is driven to rotate by the interaction between the 
magnetic field generated by the permanent magnets at- 
tached to the rotor 22 and the magnetic field generated 
by the three-phase coils wound on the stator 24. When 

25 the rotor 22 is rotated by an external force, the interac- 
tion between these magnetic fields causes an electro- 
motive force between both ends of the three-phase 
coils. A sine wave polarized motor, in which the mag- 
netic flux density between the rotor 22 and the stator 24 

30 has a sinusoidal distribution in the circumferential direc- 
tion, is applicable for the motor 20. A non-sine wave po- 
larized motor that can output a relatively large torque is, 
however, applied for the motor 20 In this embodiment. 
[0064] The stator 24 is electrically connected to a bal- 

35 tery 50 via a driving circuit 40. The driving circuit 40 is 
constructed as a transistor inverter that includes plural 
pairs of transistors, one as a source and the other as a 
sink, provided respectively for the three phases of the 
motor 20. As illustrated, the driving circuit 40 is electri- 

40 cally connected with a control unit 70. The control unit 
70 carries out PWM (pulse width modulation) control of 
the on- and off-time of the respective transistors includ- 
ed in the driving circuit 40. The PWM control causes 
quasi three-phase alternating currents to be output from 

45 the battery 50 as the power supply and flow through the 
three-phase coils of the stator 24, so as to generate a 
revolving magnetic field. The motor 20 functions either 
as a motor or a generator by means of the revolving 
magnetic field. 

50 [0065] The torque converter 30 is a known power 
transmission mechanism by taking advantage of a fluid. 
The input shaft of the torque converter 30, that is, the 
output shaft 13 of the motor 20, is not mechanically 
linked with the output shaft 14 of the torque converter 

55 30, so that the input and output shafts 1 3 and 1 4 of the 
torque converter 30 are rotatable in the presence of a 
slide. Turbines 32 with a plurality of blades are attached 
respectively to the input and output shafts 13 and 14 of 
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the torque converter 30. The turbines set on the output 
shaft 13 of the motor 20 and set on the output shaft 14 
of the torque converter 30 are arranged to face each 
other In the torque converter 30. The torque converter 
30 has a sealed structure that is filled with transmission s 
oil. The transmission oil works on the respective tur- 
bines, so that power is transmitted from one rotating 
shaft to the other rotating shaft. Since these rotating 
shafts are rotatable in the presence of a slide, the power 
input from one rotating shaft is converted to a different 10 
combination of revolving speed and torque and trans- 
mitted to the other rotating shaft. The torque converter 
30 is provided with a lockup clutch 31 that locks the ro- 
tations of the turbines transmitting the power. Coupling 
of the lockup clutch 31 under predetermined conditions, 15 
for example, under a condition that reduces the slide of 
the turbines 32 to a relatively small level, allows trans- 
mission of the power without any slide at the turbines. 
This arrangement desirably decreases the potential loss 
in the course. of power transmission. -- --- 20 
[0066] The" transmission 100 includes a plurality of " 
gear units, clutches, one-way clutches, and brakes and 
changes the gear ratio, so as to enable the power input 
from the output shaft 14 of the torque converter 30 to be 
converted to a different combination of torque and re- 25 
volving speed and transmitted to the output shaft 15 of 
the transmission 1 00. Fig. 2 shows the internal structure 
of the transmission 100. The transmission 100 of this 
embodiment mainly includes an auxiliary transmission 
unit 110 (a portion on the left side of the dotted line in 30 
Fig. 2) and a primary transmission unit 120 (a portion 
on the right side of the dotted line). The structure en- 
sures five forward speeds and one reverse speed. 
[0067] The detailed structure of the transmission 1 00 
is described sequentially from the rotating shaft 14. As 35 
illustrated in Fig. 2, the auxiliary transmission unit 110 
constructed as an overdrive unit converts the power in- 
put from the rotating shaft 14 at a predetermined gear 
ratio and transmits the converted power to a rotating 
shaft 119. The auxiliary transmission unit 110 includes *o 
a first planetary gear unit 112 of a single pinion type, a 
clutch CO, a one-way clutch F0, and a brake B0. The 
first planetary gear unit 112 includes three different 
gears, that is, a sun gear 114 revolving on the center, a 
planetary pinion gear 115 revolving both round the sun 45 
gear 114 and on its axis, and a ring gear 11 B revolving 
round the planetary pinion gear 115. The planetary pin- 
ion gear 1 1 5 is supported on a rotating part called a plan- 
etary carrier 116. 

[0068] In the planetary gear unit, when the rotating so 
conditions of two gears selected among the three gears 
are determined, the rotating condition of one residual 
gear is automatically determined. The rotating condi- 
tions of the respective gears in the planetary gear unit 
are expressed by Equations (1 ) known in the field of me- 55 
chanics and given below: 



Ns = (1+p)/p x Nc-Nr/p 
Nc = p / (1+p) x Ns + Nr / (1+p) 
Nr= (1+p)Nc- pNs 
Ts = Tc x p/(l+ p ) = p Tr 

Tr = Tc/(1+p) (1) 

where p denotes the number of teeth in the sun 
gear to the number of teeth in the ring gear, Ns repre- 
sents the revolving speed of the sun gear, Ts represents 
the torque of the sun gear, Nc represents the revolving 
speed of the planetary carrier, Tc represents the torque 
of the planetary carrier, Nr represents the revolving 
speed of the ring gear, and Tr represents the torque of 
the ring gear. 

; [0069] , In the auxiliary transmission unit 1 1 0, the rotat- 
ing shaft 14 corTesponding'to the input shaft of the trans- . 
mission 1 00 is linked with the planetary carrier 116. The 
one-way clutch FO and the clutch CO are disposed in 
parallel between the planetary carrier 116 and the sun 
gear 114. The one-way clutch F0 is set in a specific di- 
rection that attains coupling when the sun gear 114 has 
normal rotations relative to the planetary carrier 116, 
that is, when the sun gear 114 rotates in the same di- 
rection as that of the input shaft 14 of the transmission 
1 00. The sun gear 1 1 4 is connected to the multiple disc 
brake B0 that can stop the rotation of the sun gear 114. 
The ring gear 118 corresponding to the output of the 
auxiliary transmission unit 11 0 is linked with the rotating 
shaft 119, which corresponds to the input shaft of the 
primary transmission unit 120. 

[0070] In the auxiliary transmission unit 110 of the 
above configuration, the planetary carrier 116 integrally 
rotates with the sun gear 11 4. in the state of coupling of 
either the clutch CO or the one-way clutch FO. According 
to Equations (1) given previously, when the sun gear114 
and the planetary carrier 116 have an identical revolving 
speed, the revolving speed of the ring gear 118 is also 
equal to the identical revolving speed. In this state, the 
revolving speed of the rotating shaft 11 9 is identical with 
the revolving speed of the input shaft 14. In the state of 
coupling of the brake B0 to stop the rotation of the sun 
gear 114, on the other hand, according to Equations (1), 
substitution of the value '0' into the revolving speed Ns 
of the sun gear 114 makes the revolving speed Nrof the 
ring gear 11 8 higher than the revolving speed Nc of the 
planetary carrier 1 1 6. Namely the rotation of the rotating 
shaft 14 is accelerated and subsequently transmitted to 
the rotating shaft 119. The auxiliary transmission unit 
110 selectively performs the function of directly trans- 
mitting the power input from the rotating shaft 14 to the 
rotating shaft 119 and the function of accelerating the 
input power and then transmitting the accelerated power 
to the rotating shaft 119. 
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[0071] The primary transmission unit 120 includes 
three planetary gear units 130, 140, and 150, two clutch- 
es C1 and C2, two one-way clutches F1 and F2, and 
four brakes B1 through B4. Like the first planetary gear 
unit 112 included in the auxiliary transmission unit 110, 5 
each of the planetary gear units 130, 140, and 150 in- 
cludes a sun gear, a planetary carrier, a planetary pinion 
gear, and a ring gear. The three planetary gear units 
130, 140, and 150 are linked as discussed below. 
[0072] A sun gear 132 of the second planetary gear 10 
unit 130 is integrally linked with a sun gear 142 of the 
third planetary gear unit 140. These sun gears 1 32 and 
142 may be connected with the input shaft 119 via the 
clutch C2. The rotating shaft with these sun gears 132 
and 142 is connected with the brake B1 to stop the ro- 15 
tation of the rotating shaft. The one-way clutch F1 is set 
in a specific direction that attains coupling in the case 
of reverse rotation of this rotating shaft. There is another 
brake B2 to stop the rotation of the one-way clutch -Ft. 
[0073] A planetary carrier 134 of the second planetary 20 
gear unit 130 is connected with the brake B3 to stop the 
rotation of the planetary carrier 134. A ring gear 136 of 
the second planetary gear unit 130 is integrally linked 
with a planetary carrier 144 of the third planetary gear 
unit 140 and a planetary carrier 154 of the fourth plan- 25 
etary gear unit 150. The ring gear 136 and the planetary 
carriers 1 44 and 1 54 are further connected with the out- 
put shaft 15 of the transmission 100. 
[0074] A ring gear 146 of the third planetary gear unit 
1 40 is linked with a sun gear 1 52 of the fourth planetary so 
gear unit 150 and with a rotating shaft 122. The rotating 
shaft 122 may be linked with the input shaft 119 of the 
primary transmission unit 120 via the clutch C1 . A ring 
gear 156 of the fourth planetary gear unit 150 is con- 
nected with the brake B4 to stop the rotation of the ring 35 
gear 1 56 and with the one-way clutch F2 that is set in a 
specific direction to attain coupling in the state of reverse 
rotation of the ring gear 156. 

[0075] The clutches CO through C2 and the brakes B0 
through B4 included in the transmission 1 00 are coupled *o 
and released by means of the hydraulic pressure. The 
respective clutches and brakes are connected with pip- 
ing of hydraulic pressure for enabling such coupling and 
releasing operations and elements including solenoid 
valves for regulating the hydraulic pressure, although *s 
these constituents are not specifically illustrated. In the 
hybrid vehicle of the embodiment, the control unit 70 
outputs control signals to these solenoid valves and oth- 
er related elements, so as to control the operations of 
the respective clutches and brakes. so 
[0076] The transmission 100 of the embodiment can 
set the change-speed gear at a position selected among 
five forward speeds and one reverse speed through the 
combination of coupling and release of the clutches CO 
through C2 and the brakes B0 through B4. The trans- 55 
mission 100 also has a Neutral position and a Parking 
position. Fig. 3 shows the relationship between the state 
of coupling of the respective clutches, brakes, and one- 



way clutches and the position of the change-speed gear. 
In the table of Fig. 3, the circle represents a normal state 
of coupling, the double circle represents coupling in the 
case of power source braking, and the triangle repre- 
sents a specific state of coupling that is not involved in 
the transmission of power. The power source braking 
here implies the braking by means of the engine 10 and 
the motor 20. The coupling of the one-way clutches F0 
through F2 does not respond to the control signal output 
from the control unit 70, but is based on the direction of 
rotation of each corresponding gear. 
[0077] As shown in Fig. 3, in the case of either a Park- 
ing (P) position or a Neutral (N) position, the clutch CO 
and the one-way clutch F0 are coupled. Since both the 
clutches C2 and C1 are released, the power is not trans- 
mitted from the input shaft 11 9 of the primary transmis- 
sion unit 120 to the downstream elements. 
[0078] In the case of the first speed (1 st ), the clutches 
COandCI and the one-way clutches FOand F2 are cou- 
pled. Under the application of engine brake, the brake 
B4 is also coupled. This is equivalent to the state where 
the input shaft 14 of the transmission 100 is directly 
linked with the sun gear 1 52 of the fourth planetary gear 
unit 150. The power is accordingly transmitted to the 
output shaft 15 at a certain gear ratio corresponding to 
the gear ratio of the fourth planetary gear unit 150. The 
ring gear 156 is restricted not to rotate reversely by the 
function of the one-way clutch F2. The revolving speed 
of the ring gear 156 is thus practically equal to zero. Un- 
der such conditions, according to Equations (1) given 
previously, the relations between a revolving speed Nin 
and a torque Tin of the input shaft 14 and a revolving 
speed Nout and a torque Tout of the output shaft 1 5 are 
expressed by Equations (2) given below: 

Nout = Nin / k1 
Tout «= k1 x Tin 

k1 = (1+p4)/p4 (2) 

where p4 denotes the gear ratio of the fourth plan- 
etary gear unit 150. 

[0079] In the case of the second speed (2 nd ), the 
clutch C1 , the brake B3, and the one-way clutch F0 are 
coupled. Under the application of engine brake, the 
clutch CO is also coupled. This is equivalent to the state 
where the input shaft 14 of the transmission 100 is di- 
rectly linked with the sun gear 1 52 of the fourth planetary 
gear unit 1 50 and with the ring gear 1 46 of the third plan- 
etary gear unit 140. In this state, the planetary carrier 
134 of the second planetary gear unit 130 is fixed. The 
sun gear 1 32 of the second planetary gear unit 1 30 and 
the sun gear 142 of the third planetary gear unit 140 
have an identical revolving speed. The ring gear 136 
and the planetary carrier 1 44 have an identical revolving 
speed. Under such conditions, according to Equations 
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(1) given previously, the rotating conditions of the sec- 
ond and third planetary gear units 130 and 140 are de- 
termined unequivocally. The relations between the re- 
volving speed Nin and the torque Tin of the input shaft 
14 and the revolving speed Nout and the torque Tout of 
the output shaft 1 5 are expressed by Equations (3) given 
below. The revolving speed Nout of the output shaft 15 
at the second speed (2 nd ) is higher than the revolving 
speed at the first speed (1 st ), whereas the torque Tout 
of the output shaft 1 5 at the second speed (2 nd ) is small- 
er than the torque at the first speed (1 st ). 

Nout = Nin / k2 
Tout = k2 x Tin 
k2 = {p2(1+p3)+p3}/p2 (3) 

. where-p2 and p3 respectively denote the gear ra- 
tio's of the second planetary gear unit 130 and the third" 
planetary gear unit 140. 

[0080] In the case of the third speed (3 rd ), the clutches 
CO and C1 , the brake B2, and the one-way clutches F0 
and F1 are coupled. Under the application of engine 
brake, the brake B1 is also coupled. This is equivalent 
to the state where the input shaft 1 4 of the transmission 
100 is directly linked with the sun gear 152 of the fourth 
planetary gear unit 1 50 and the ring gearl 46 of the third 
planetary gear unit 140. The sun gears 132 and 142 of 
the second and third planetary gear units 1 30 and 1 40 
are restricted not to rotate reversely by the functions of 
the brake B2 and the one-way clutch F1 . The revolving 
speeds of these sun gears 132 and 142 are thus prac- 
tically equal to zero. As in the case of the second speed 
(2 nd ), under such conditions, according to Equations (1 ) 
given previously, the rotating conditions of the second 
and third planetary gear units 130 and 140 are deter- 
mined unequivocally, andthe revolving speed of the out- 
put shaft 15 is also determined unequivocally. The rela- 
tions between the revolving speed Nin and the torque 
Tin of the input shaft 14 and the revolving speed Nout 
and the torque Tout of the output shaft 1 5 are expressed 
by Equations (4) given below. The revolving speed Nout 
of the output shaft 15 at the third speed (3 rd ) is higher 
than the revolving speed at the second speed (2 nd ), 
whereas the torque Tout of the output shaft 15 at the 
third speed (3 rd ) is smaller than the torque at the second 
speed (2 nd ) 

Nout = Nin / k3 
Tout = k3 x Tin 

k3 = 1+p3 (4) 

[0081 ] In the case of the fourth speed (4 th ), the clutch- 



es CO through C2 and the one-way clutch F0 are cou- 
pled. The brake B2 is simultaneously coupled but is not 
involved in transmission of the power. In this state, the 
clutches C1 and C2 are coupled simultaneously, so that 
5 the input shaft 14 is directly linked with the sun gear 132 
of the second planetary gear unit 130, the sun gear 142 
and the ring gear 146 of the third planetary gear unit 
1 40, and the sun gear 1 52 of the fourth planetary gear 
unit 1 50. The third planetary gear unit 1 40 thus integrally 
10 rotates with the input shaft 14 at the same revolving 
speed. The output shaft 15 also integrally rotates with 
the input shaft 14 at the identical revolving speed. The 
output shaft 1 5 rotates at a higher revolving speed in the 
fourth speed (4 th ) than in the third speed (3 rd ). The re- 
15 lations between the revolving speed Nin and the torque 
Tin of the input shaft 14 and the revolving speed Nout 
and the torque Tout of the output shaft 1 5 are expressed 
by Equations (5) given below. The revolving speed Nout 
of the output shaft 15 at the fourth speed (4 th ) is higher 
•20 than the revolving speed at the third speed (3 rd ), where- 
as the torque Tout of the output shaft 15 at the fourth 
speed (4 th ) is smaller than the torque at the third speed 
(3 rd ). 

25 

Nout = Nin / k4 
Tout = k4 x Tin 
30 k4 = 1 . (5) 

[0082] In the case of the fifth speed (5 th ) , the clutches 
. C1 and C2 and the brake B0 are coupled. The brake B2 
is simultaneously coupled but is not involved in trans- 

35 mission of the power. In this state, the clutch CO is re- 
leased, so that the revolving speed is raised in the aux- 
iliary transmission unit 110. The revolving speed of the 
input shaft 14 of the transmission 100 is raised and 
transmitted to the input shaft 119 of the primary trans- 

40 mission unit 120. The clutches C1 and C2 are coupled 
.simultaneously, so that the input shaft 119 and the out- 
put shaft 15 rotate at an identical revolving speed, as in 
the case of the fourth speed (4 th ). According to Equa- 
tions (1) given previously, the relations between the re- 

45 volving speeds andthe torques of the input shaft 14 and 
the output shaft 119 of the auxiliary transmission unit 
110 are obtained, in order to determine the revolving 
speed and the torque of the output shaft 15. The rela- 
tions between the revolving speed Nin and the torque 

so Tin of the input shaft 14 and the revolving speed Nout 
and the torque Tout of the output shaft 1 5 are expressed 
by Equations (6) given below. The revolving speed Nout 
of the output shaft 15 at the fifth speed (5 th ) is higher 
than the revolving speed at the fourth speed (4 th ), 

55 whereas thetorqueTout of the outputshaft 15 atthe fifth 
speed (5 th ) is smaller than the torque at the fourth speed 
(4 th ). 



■20 



25 



11 



21 



EP1 160 119 A1 



22 



Nout = Nin / k5 
Tout = k5 x Tin 
k5= 1 /(1+p1) 

where p1 denotes the gear ratio of the first plane- 
tary gear unit 112. 

[0083] In the case of reverse speed (R), the clutch C2 
and the brakes BO and B4 are coupled. In this state, the 
revolving speed of the input shaft 14 is raised in the aux- 
iliary transmission unit 110 and is connected to the sun 
gear 132 of the second planetary gear unit 130 and the 
sun gear 142 of the third planetary gear unit 140. As 
described previously, the ring gear 136 and the plane- 
tary carriers 144 and 154 have an identical revolving 
speed. The ring gear 146 and the sun gear 152 also 
have an identical revolving speed. The revolving speed 
of the ring gear 156 of the fourth planetary gear unit 150 
becomes practically equal to zero by the function of the 
brake B4. Under such conditions, according to Equa- 
tions (1) given previously, the rotating conditions of the 
respective planetary gear units 130, 140, and 150 are 
determined unequivocally. At this moment, the output 
shaft 15 rotates in the negative direction to allow a re- 
verse movement. 

[0084] As described above, the transmission 100 of 
the embodiment can set the position of the change- 
speed gear among the five forward speeds and one re- 
verse speed. The power input from the input shaft 1 4 is 
converted to a different combination of revolving speed 
and torque and output to the output shaft 15. The output 
power is defined by the increasing revolving speed and 
the decreasing torque in the sequence of the first speed 
(1 st ) to the fifth speed (5 th ). This is also true when a neg- 
ative torque, that is, a braking force, is applied to the 
input shaft 14. The variables k1 through k5 in Equations 
(2) through (6) given above denote the gear ratios at the 
respective positions of the change-speed gear. In the 
case where a fixed braking force is applied to the input 
shaft 14 by means of the engine 10 and the motor 20, 
the braking force applied to the output shaft 15 decreas- 
es in the sequence of the first speed (1 st ) to the fifth 
speed (5 th ). The transmission 100 may have any of var- 
ious known structures, other than the structure adopted 
in this embodiment. For example, the transmission 1 00 
may have a greater number or a less number of forward 
speeds. 

[0085] The control unit 70 sets the position of the 
change-speed gear in the transmission 100 according 
to the vehicle speed and other conditions. The driver 
manually operates a gearshift lever provided in the ve- 
hicle and selects a desired gearshift position, so as to 
vary the applicable range of the change-speed gear. Fig. 
4 shows a manipulation unit 1 60 for selecting the gear- 
shift position in the hybrid vehicle of this embodiment. 
The manipulation unit 1 60 is located along a longitudinal 



axis of the vehicle on the floor next to the driver's seat. 
[0086] As shown in Fig. 4, the manipulation unit 160 
includes a gearshift lever 162. The driver slides the 
gearshift lever 1 62 along the longitudinal axis of the ve- 
hicle to select one among available gearshift positions. 
The available gearshift positions include a parking (P) 
position, a reverse (R) position, a neutral (N) position, a 
drive (D) position, a fourth position (4), a third position 

(3) , a second position (2), and a low position (L), which 
10 are arranged in this order from the forward of the vehicle. 

[0087] The parking (P), reverse (R), and neutral (N) 
positions respectively correspond to the coupling states 
shown in Fig. 3. At the drive position (D), the selected 
mode enables a drive using the first speed (1 st ) to the 
15 fifth speed (5 th ) shown in Fig. 3. At the fourth position 

(4) , the selected mode enables a drive using the first 
speed (1 st ) to the fourth speed (4 th ). In a similar manner, 
the selected mode at the third position (3), the second 
position (2), and the low position (L) respectively ena- 
bles a drive using the first speed (1 st ) to the third speed 
(3 rd ), using the first speed (1 st ) to the second speed 
(2 nd ), and using only the first speed (1 st ). 
[0088] In the hybrid vehicle of the embodiment, the 
driver can arbitrarily set the deceleration by the power 
source braking as discussed later. The manipulation unit 
1 60 for selecting the gearshift position has a mechanism 
for setting the deceleration. 

[0089] As shown in Fig. 4, in the hybrid vehicle of the 
embodiment, the gearshift lever 162 may be slid side- 
ways at the drive (D) position, as well as slid in the lon- 
gitudinal direction for selecting the gearshift position. 
The position selected in this way is called an E position. 
When the gearshift lever 162 is at the E position, the 
setting of the deceleration by the power source braking 
may be varied by operating the gearshift lever 1 62 in the 
longitudinal direction as discussed below. The manipu- 
lation unit 160 includes a sensor for detecting the se- 
lected gearshift position and an E position switch that is 
turned on when the gearshift lever 162 is at the E posi- 
tion. The signals of these sensor and switch are trans- 
mitted to the control unit 70 and used for the various 
control operations in the vehicle as discussed later. 
[0090] The following describes the series of opera- 
tions when the gearshift lever 162 is at the E position. 
The gearshift lever 162 is kept in the middle of the E 
position, that is, the neutral state, while the driver does 
not hold the gearshift lever 1 62. When the driver desires 
to increase the deceleration, that is, when abrupt brak- 
ing is required, the driver presses back the gearshift le- 
ver 162 (to the side of Decel). When the driver desires 
to decrease the deceleration, that is, when gentle brak- 
ing is required, on the other hand, the driver presses 
forward the gearshift lever 162 (to the side of Can-De- 
cel). The gearshift lever 162 is not continuously slid in 
the longitudinal direction at the E position but is moved 
stepwise. Namely the gearshift lever 1 62 may be set in 
one of the three states, that is, the neutral state, the 
pressing-forward Can-Decel state, and the pressing- 



5 

(6) 



25 



30 



35 



40 



45 



50 



12 



23 



EP1 160 119 A1 



24 



back Decel state at the E position. When the driver re- 
leases the force applied to the gearshift lever 162, the 
gearshift lever 162 immediately returns to the neutral 
state. The deceleration by the power source braking is 
varied In a stepwise manner according to the frequency 
of operations of the gearshift lever 1 62 in the longitudinal 
direction. 

[0091] The hybrid vehicle of the embodiment has op- 
eration elements mounted on a steering wheel to vary 
the deceleration by the power source braking, in addi- 
tion to the operations of the gearshift lever 162 de- 
scribed above. Fig. 5 shows the operation elements 
mounted on the steering wheel. Fig. 5(a) shows the sur- 
face of the steering wheel 164, that is, the side facing 
the driver. A pair of Decel switches 166L and 166R are 
placed on a spoke of the steering wheel 1 64 to increase 
the deceleration. The positions of these switches 1 66L 
and 166R are specified to allow an easy manual oper- 
ation with the left thumb or the right thumb while the driv- 
er handles the steering- wheel. In this embpdimentrthe 
two switches" f66L and 166R Have an identical function, 
in order to ensure the adequate operation without any 
confusion even when the steering wheel 164 is rotated. 
[0092] Fig. 5(b) shows the rear face of the steering 
wheel 1 64. A pair of Can-Decel switches 1 68L and 1 68R 
are mounted at practically reverse positions of the Decel 
switches 166L and 166R to decrease the deceleration. 
The positions of these switches 1 68L and 1 68R are also 
specified to allow an easy manual operation with the left 
index finger or the right index finger while the driver han- 
dles the steering wheel. Because of the same reason 
as discussed above with regard to the Decel switches 
1 66L and 1 66R, the two Can-Decel switches 1 68L and 
.168R have an identical function. 

[0093] When the driver presses the Decel switch 1 66L 
or 166R, the deceleration is increased according to the 
frequency of pressing the switch. When the driver press- 
es the Can-Decel switch 168L or 168R, on the other 
hand, the deceleration is decreased according to the fre- 
quency of pressing the switch. These switches 166L, 
166R, 168L, and 168R are effective only in the case 
where the gearshift lever 162 is at the E position (see 
Fig. 4). This arrangement effectively prevents the set- 
ting of the target deceleration from being changed un- 
intentionally by accidental presses of these switches 
166L, 166R, 168L, and 168R while the driver handles 
the steering wheel 164. 

[0094] The manipulation unit 160 also has a snow 
mode switch 163. The driver presses the snow mode 
switch 1 63 when the road surface has a low friction co- 
efficient and is in a slippery condition, for example, in 
the case of snow-covered road. In the ON position of 
the snow mode switch 163, the upper limit of the target 
deceleration is restricted to be not greater than a preset 
level as discussed later. The speed reduction by a large 
deceleration during a drive on the road surface having 
a low friction coefficient may cause a slip or a skid of the 
vehicle. In the ON position of the snow mode switch 1 63, 



the deceleration is restricted to be not greater than the 
preset level, so as to prevent a slip or a skid of the ve- 
hicle. In the ON position of the snow mode switch 163, 
the deceleration may be changed in a certain range that 
5 does not cause a slip or a skid of the vehicle. 

[0095] The manipulation unit for selecting the gear- 
shift position and setting the target deceleration is not 
restricted to the structure of the embodiment (shown in 
Fig. 4), but may have any suitable structure. Fig. 6 
10 shows another manipulation unit 160A having a modi- 
fied structure. The manipulation unit 160A is arranged 
along the longitudinal axis of the vehicle on the floor next 
to the driver's seat. The driver slides the gearshift lever 
1 62 in the longitudinal direction to select one among var- 
15 ious gearshift positions. Although the fourth to the low 
positions are omitted from the illustration of Fig. 6, the 
manipulation unit.160A of the modified structure may 
have these gearshift positions like the manipulation unit 
160 shown in Fig! 4. The manipulation unit 1 60A of the 
20 modified structure has the E position at the fear.of the 
normal movable range forsefectirig the gearshift "posi- 
tion. The driver slides the gearshift lever 1 62 along the 
longitudinal axis of the vehicle in the E position, so as 
to vary the setting of the deceleration continuously. In 
25 this example, the deceleration increases with a back- 
ward slide of the gearshift lever 1 62, and decreases with 
a forward slide of the gearshift lever 1 62. This modified 
structure is only an example, and there are a diversity 
of other structures applicable for the mechanism of set- 
30 ting the deceleration. 

[0096] The setting of the deceleration is displayed on 
an instrument panel in the vehicle. Fig. 7 shows an in- 
strument panel in the hybrld.vehlcle of this embodiment. 
The instrument panel is placed in front of the driver like 
35 the standard vehicle. A fuel gauge 202 and a speedom- 
eter 204 are disposed on the left side of the instrument 
panel seen from the driver. An engine temperature 
gauge 208 and a tachometer 206 are disposed on the 
right side of the instrument panel. A gearshift position 
^0 indicator 220 is arranged on the center of the instrument 
panel to display the gearshift position. Direction indica- 
tors 21 0L and 21 OR are set on both sides of the gearshift 
position indicator 220. These instruments are also found 
in the standard vehicle. In the hybrid vehicle of this em- 
45 bodiment, in addition to these instruments, an E position 
indicator 222 is provided above the gearshift position in- 
dicator 220. A deceleration indicator 224 is also set on 
the right side of the E position indicator 222 to display 
the current setting of the deceleration. 
so [0097] The E position indicator 222 lights up when the 
gearshift lever 162 is set at the E position. When the 
driver presses the Decel switch and the Can-Decel 
switch to set the deceleration, the length of a rearward 
arrow (rightward arrow in Fig. 7) displayed with a symbol 
55 of the vehicle in the deceleration indicator 224 is varied 
to sensuously express the setting of the deceleration, in 
the hybrid vehicle of the embodiment, the setting of the 
deceleration may be restricted according to a variety of 
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conditions as discussed later. In the case where the set- 
ting of the deceleration is restricted, the E position indi- 
cator 222 and the deceleration indicator 224 flash or 
give a display in a different form, in order to inform the 
driver of the restricted setting of the deceleration. 
[0098] In the hybrid vehicle of the embodiment, the 
control unit 70 controls the operations of the engine 10, 
the motor 20, the torque converter 30, and the transmis- 
sion 100 (see Fig. 1). The control unit 70 is constructed 
as a one-chip microprocessor including a CPU, a RAM, 
and a ROM. The CPU carries out various control oper- 
ations discussed below according to programs recorded 
in the ROM. A variety of input and output signals are 
connected to the control unit 70 to implement the control 
operations. The illustration of Fig. 1 includes, as typical 
examples, a signal output from the manipulation unit 
160 with the gearshift lever and a signal output from an 
accelerator pedal position sensor 72 for measuring the 
step-on amount of an accelerator pedal 74, that is, the 
accelerator position. A diversity of other signals shown 
in Fig. 8 are also input into and output from he control 
unit 70. Fig. 8 shows connections of input and output 
signals into and from the control unit 70. The left side of 
Fig. 8 shows the signals input into the control unit 70, 
whereas the right side shows the signals output from the 
control unit 70. 

[0099] The signals input into the control unit 70 are 
received from various switches and sensors. The input 
signals represent, for example, the on-off state of a hy- 
brid cancel switch to set a drive only with the engine 1 0 
as the power source, the acceleration of the vehicle 
measured with an acceleration sensor, the speed of the 
engine 10, the water temperature in the engine 10, the 
on-off state of an ignition switch, the state of charge or 
remaining charge SOC of the battery 50, the crank po- 
sition of the engine 10, the on-off state of a defogger, 
the driving condition of an air conditioner, the vehicle 
speed, the oil temperature in the torque converter 30, 
the gearshift position (see Fig. 4), the on-off state of a 
parking brake, the amount of actuation of the brake ped- 
al, the temperature of a catalyst for converting the ex- 
haust of the engine 10, the accelerator position or travel, 
the on-off state of an auto cruise switch, the on-off state 
of the E position switch (see Fig. 4), the operating state 
of the Decel switch and the Can-Decei switch to change 
the setting of the target deceleration, the turbine speed 
of a supercharger, the on-off state of the snow mode 
switch to set a drive mode on the road surface having a 
low friction coefficient, such as the snow-covered road, 
and the level of the fuel measured by the fuel gauge. 
[0100] The signals output from the control unit 70 are 
used to control the engine 10, the motor 20, the torque 
converter 30, and the transmission 1 00. The output sig- 
nals include, for example, an ignition signal to regulate 
the ignition timing of the engine 1 0, a fuel injection signal 
to control the fuel injection, a starter signal to start the 
engine 1 0, an MG control signal to carry out the switch- 
ing in the driving circuit 40 and control the operation of 



the motor 20, a transmission control signal to change 
over the position of the change-speed gear in the trans- 
mission 100, an AT solenoid signal and an AT line pres- 
sure control solenoid signal to regulate the hydraulic 

5 pressure in the transmission 1 00, a signal for regulating 
an actuator of an anti-lock braking system (ABS) , a driv- 
ing source indicator signal to display the source of the 
driving force, a control signal of the air conditioner, con- 
trol signals for various alarms, a control signal of an elec- 

10 tronic throttle valve of the engine 1 0, a snow mode indi- 
cator signal to display the selection of the snow mode, 
a VVT signal to regulate the open and close timings of 
the intake valve and the exhaust valve of the engine 10, 
a system indicator signal to display the driving state of 

15 the vehicle, and a deceleration indicator signal to display 
the current setting of the deceleration. 

(2) General Operations 

20 fpT01] The following describes the general operations 
of the hybrid vehicle of this embodiment. As discussed 
previously with Fig. 1 , the hybrid vehicle of this embod- 
iment has the engine 1 0 and the motor 20 as the power 
source. The control unit 70 selectively uses the engine 
25 10 and the motor 20 according to the driving state of the 
vehicle, that is, according to the combination of the ve- 
hicle speed and the torque. The adequate selection is 
set in advance in the form of a map and stored in the 
ROM included in the control unit 70. 
30 [0102] Fig. 9 is a map showing the relationship be- 
tween the driving state of the vehicle and the power 
source. A Curve LIM represents the limit of a drivable 
area of the vehicle. An area MG denotes a driving area 
in which the vehicle drives with the motor 20 as the pow- 
35 er source, and an area EG denotes a driving area in 
which the vehicle drives with the engine 1 0 as the power 
source. Hereinafter the former is referred to as the EV 
drive and the latter as the standard drive. The arrange- 
ment of Fig. 1 allows the hybrid vehicle to be driven with 
^0 both the engine 10 and the motor 20 as the power 
source, but this embodiment does not set such a driving 
area. 

[0103] As shown in this map, the hybrid vehicle of this 
embodiment starts at the EV drive. As described previ- 
45 ously (see Fig. 1), in the hybrid vehicle of the embodi- 
ment, the engine 1 0 and the motor 20 integrally rotate 
with each other. Even in the course of the EV drive, the 
engine 10 accordingly rotates, but is motored without 
fuel injection and ignition. As described previously, the 
50 engine 1 0 has the VVT mechanism. The control unit 70 
controls the VVT mechanism and delays the open and 
close timings of the intake valve and the exhaust valve, 
in order to reduce the load applied to the motor 20 and 
enable the power output from the motor 20 to be effec- 
ts tively used for driving the vehicle in the case of the EV 
drive. 

[0104] When the vehicle starting at the EV drive 
reaches a driving state close to the boundary between 
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the area MG and the area EG in the map of Fig. 9, the 
control unit 70 starts the engine 1 0. Since the engine 1 0 
has already been rotated at a predetermined speed by 
means of the motor 20, the co ntrol unit 70 simply carries 
out the fuel injection to the engine 1 0 and the ignition at 
a preset timing. The control unit 70 also controls the VVT 
mechanism to change the open and close timings of the 
intake valve and the exhaust valve to the timings suita- 
ble for driving the engine 10. 

[0105] After the engine 10starts : the vehicle is driven 
with only the engine 1 0 as the power source in the area 
EG. In response to the start of the drive in the area EG, 
the control unit 70 shuts down all the transistors included 
in the driving circuit 40. This causes the motor 20 to idle. 
[01 06] The control unit 70 carries out the control pro- 
cedures to change the power source according to the 
driving state of the vehicle as well as to change over the 
position of the change-speed gear in the transmission 
100. Like the changeover of the power source, the 
. changeover of the position of the change-speed gear is 
Implemented, 6ase"d"on"a "map that Has been set in ad- 
vance according to the driving state of the vehicle. Fig. 
10 is a map showing the relationship between the posi- 
tion of the change-speed gear in the transmission 100 
and the driving state of the vehicle. The control unit 70 
changes over the position of the change-speed gear, in 
order to attain a smaller gear ratio with an increase in 
vehicle speed as shown in this map. 
[01 07] The changeover of the position of the change- 
speed gear is under the restriction of the gearshift posi- 
tion! At the drive (D) position, the vehicle may be driven 
using the change-speed gear up to the fifth speed (5 th ) 
shown in the map of Fig. 10. At the fourth position (4), 
the vehicle is driven using the change-speed gear up to 
the fourth speed (4 th ) . In the latter case, the fourth speed 
(4 th ) is used even in the area of the 5 th in the map of Fig. 
1 p. The changeover of the position of the change-speed 
gear follows this map, and is also carried out by a kick 
down control. The kick down control changes over the 
position of the change-speed gear to a position of a 
greater gear ratio by one step, when the driver slams 
down on the accelerator pedal. The control procedures 
for the changeover are identical with those carried out 
in the conventional vehicle that uses only the engine as 
the power source and is provided with an automatic 
transmission. The hybrid vehicle of this embodiment 
carries out the similar control procedures during the EV 
drive (that is, in.the area MG). The relationship between 
the position of the change-speed gear and the driving 
state of the vehicle is not restricted to the map of Fig. 
10, but a variety of other settings are applicable for the 
relationship according to the gear ratio of the transmis- 
sion 100. 

[01 08] The maps of Figs. 9 and 1 0 correspond to the 
arrangement of selecting either the EV drive or the 
standard drive according to the driving state of the ve- 
hicle. The control unit 70 of the embodiment also has 
maps provided for the arrangement of carrying out only 



the standard drive over the whole driving state of the 
vehicle. These maps omit the area of the EV drive (that 
is, the area MG) from the maps of Figs. 9 and 10. The 
EV drive requires the battery 50 to store a certain level 

5 ..of electric power. The control unit 70 thus selects the 
right map according to the state of charge in the battery 
50 and carries out the control of the vehicle. When the 
state of charge SOC of the battery 50 is not less than a 
preset level, the control unit 70 carries out the control to 

to drive the vehicle in the selected state of either the EV 
drive or the standard drive based on the maps of Figs. 

9 and 10. When the state of charge SOC of the battery 
50 is less than the preset level, on the other hand, the 
control unit 70 carries out the control to drive the vehicle 

15 in the state of standard drive that uses only the engine 

1 0 as the power source even at the time of starting and 
during a low-speed run. The selection of the right map 
is repeatedly carried out at predetermined time inter- 
vals. In sortie cases, the state of charge SOC of the bat- 

20 tery : 50 is not less than; the preset level and the vehicle 
"starts at the EV drive, but the consumption of electric 
power after the start makes the state of charge SOC less 
than the preset level. In this case, the control unit 70 
changes the EV drive to the standard drive even when 

25 the driving state of the vehicle is within the area MG. 
[0109] The following describes braking operations in 
the hybrid vehicle of the embodiment. The hybrid vehicle 
of the embodiment may adopt two different types of 
braking, that is, the wheel braking applied in response 

30 to actuation of the brake pedal and the power source 
braking by means of the loading torques from the engine 
1 0 and the motor 20. The power source braking is made 
effective when the accelerator pedal Is released. Fig. 9 
shows a variation in braking force, that is, a variation in 

35 negative torque, by the power source braking. The var- 
iation in power source braking against the vehicle speed 
follows a straight line L1 in Fig. 9. When the driver steps 
on the brake pedal, the braking force applied to the ve- 
hicle is the sum of the power source braking and the 

to wheel braking. . 

[0110] Under the application of the power source 
braking, the lockup clutch 31 of the torque converter 30 
is generally controlled to be set in the coupling state. 
Some driving conditions, for example, the low oil tem- 

45 perature in the torque converter 30 and the low vehicle 
speed, however, are not suitable for coupling the lockup 
clutch 31 . In such cases, the power source braking may 
be applied while the lockup clutch 31 is kept released. 
One modified application may regulate the degree of 

50 coupling of the lockup clutch 31 according to various 
conditions, for example, the vehicle speed and the en- 
gine speed. The following description regards the brak- 
ing operations by the power source braking on the as- 
sumption that the lockup clutch 31 is set in the coupling 

ss state. 

[0111] In the hybrid vehicle of the embodiment, the 
driver may set the deceleration by the power source 
braking through the operations at the E position as de- 
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scribed previously. Namely the deceleration may be var- 
ied in a stepwise manner as shown by the broken line 
in Fig. 9. Operations of the Decel switch at the E position 
change the power source braking in the direction of the 
straight lines L1 and L2 in Fig. 9, so as to enhance the 5 
power source braking in a stepwise manner. Operations 
of the Can-Decel switch, on the other hand, weaken the 
power source braking in a stepwise manner. 
[0112] The hybrid vehicle of the embodiment imple- 
ments the power source braking set in the stepwise 10 
manner as a combination of the changeover of the po- 
sition of the change-speed gear in the transmission 1 00 
with the braking force by the motor 20. Fig. 11 is a map 
showing the combinations of the vehicle speed, the de- 
celeration, and the position of the change-speed gear 15 
in the hybrid vehicle of the embodiment. In the map of 
Fig. 11 , the deceleration is expressed as absolute val- 
ues. The operations of the Decel switch and the Can- 
Decel switch cause the deeeleration-of the vehicle to be 
varied ina stepwise manner in a range between straight 20 
lines BL and BU shown in Fig. 11 . 
[01 1 3] The deceleration by the power source braking 
is varied in a certain range by regulating the torque of 
the motor 20. The changeover of the position of the 
change-speed gear in the transmission 100 varies the 25 
ratio of the torque of the power source to the torque out- 
put "to the axle 17. This enables the deceleration of the 
vehicle to be changed according to the position of the 
change-speed gear. When the position of the change- 
speed gear is at the second speed (2 nd ), regulating the 30 
torque of the motor 20 attains the deceleration in a range 
defined by the short-dashed lines in Fig. 11 . At the third 
speed (3 rd ), the regulation of the torque attains the de- 
celeration in a range defined by the solid lines in Fig. 11 . 
At the fourth speed (4 th ), the regulation of the torque at- 35 
tains the deceleration in a range defined by the one-dot 
chain lines in Fig. 11. At the fifth speed (5 th ), the regu- 
lation of the torque attains the deceleration in a range 
defined by the long-dashed lines in Fig. 11 . 
[0114] The control unit 70 selects the position of the *o 
change-speed gear to attain the preset deceleration 
based on the map of Fig. 11 and carries out the braking 
control. For example, when the deceleration is set on 
the straight line BL in Fig. 1 1 , in an area of higher vehicle 
speed than a value Vc, the braking control is performed 
at the fifth speed (5 th ). In the area of lower vehicle speed 
than the value Vc, on the other hand, the braking control 
is performed afterthe position of the change-speed gear 
is changed over to the fourth speed (4 th ). In this area, 
the desired deceleration is not attained at the fifth speed 50 
(5 th ). In the arrangement of this embodiment, the range 
of the deceleration attained at each position of the 
change-speed gear overlaps the ranges of deceleration 
attained at the adjacent positions of the change-speed 
gear. In the area of higher vehicle speed than the value 55 
Vc, the deceleration corresponding to the straight line 
BL may be attained at both the fourth speed (4 th ) and 
the fifth speed (5 th ). In this area, the control unit 70 se- 



lects the position of the change-speed gear suitable for 
the braking between the fourth speed (4 th ) or the fifth 
speed (5 th ) , based on a variety of conditions, and carries 
out the braking control. 

[0115] The settings at the respective positions of the 
change-speed gear in the embodiment are described 
more in detail. Fig. 1 2 is a map showing the relationship 
between the deceleration and the position of the 
change-speed gear at a certain vehicle speed Vs. The 
map of Fig. 12 corresponds to the relationship between 
the deceleration and the position of the change-speed 
gear along a straight line Vs in the map of Fig. 11 . As 
shown in the map of Fig. 12, in a division D1 of relatively 
low deceleration, the target deceleration is attained only 
at the fifth speed (5 th ). In a division D2 of higher decel- 
eration, the target deceleration is attained at both the 
fifth speed (5 th ) and the fourth speed (4 th ). In a similar 
manner, the respective target decelerations are attained 
only at the fourth speed (4 th ) jn a division D3, at both the 
third speed (3 rd ) and the fourth speed (4 th ) in a division 
D4, only at the third speed (3 rd ) in a division D5, at both 
the second speed (2 nd ) and the third speed (3 rd ) in a 
division D6, and only at the second speed (2 nd ) in a di- 
vision D7, where the deceleration increases in the order 
of the division D3 to the division D7. Although the map 
described here is forthe braking control up to the second 
speed (2 nd ), the map may also include the setting at the 
first speed (1 st ). 

[0116] The following gives the reason why the range 
of deceleration attained at each position of the change- 
speed gear overlaps the adjacent ranges of decelera- 
tion. Fig. 13 is a graph showing a variation in decelera- 
tion at the second speed (2 nd ). Dashed lines TL and TU 
respectively represent the lower limit and the upper limit 
of deceleration attained at the second speed (2 nd ). A 
solid line TE represents the deceleration attained only 
by engine brake of the engine 10. In the hybrid vehicle 
of the embodiment, the control of the VVT mechanism 
enables the deceleration by engine brake to be varied. 
Such control, however, has poor response and low ac- 
curacy. The technique of the embodiment accordingly 
does not control the VVT mechanism in the course of 
braking. The deceleration by engine brake is thus une- 
quivocally determined against the vehicle speed as 
shown in Fig. 13. 

[0117] In the hybrid vehicle of this embodiment, the 
deceleration is varied by regulating the torque of the mo- 
tor 20. In a hatched area Bg of Fig. 13, the motor 20 
carries out the regenerative operation and applies an 
additional braking force, thereby attaining a higher de- 
celeration than the deceleration only by engine brake. 
In another area Bp, which is defined by the straight line 
TE and the dashed line TL, the motor 20 carries out the 
power operation and outputs a driving force, thereby at- 
taining a lower deceleration than the deceleration only 
by engine brake. 

[0118] Fig. 14 schematically illustrates the compari- 
son between a braking torque in the case where the mo- 
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tor 20 carries out the regenerative operation and a brak- 
ing torque in the case where the motor 20 carries- out 
the power operation . The left bar in the graph shows the 
braking torque when the motor 20 carries out the power 
operation (that is, the state in the area Bp). The braking 
torque by engine brake is expressed as a bar BE. In the 
area Bp, the motor 20 outputs a driving force expressed 
as a bar BM in reverse of the direction of the braking 
torque BE by engine brake. The total braking torque, 
which is obtained as the sum of the braking torque by 
engine brake and the driving force by the motor 20, is 
output to the axle 17. The output braking torque is ac- 
cordingly smaller than the braking torque BE by engine 
brake as shown in a hatched area. 
[0119] The right bar in the graph shows the braking 
torque when the motor 20 carries out the regenerative 
operation (that is, the state in the area Bg), It is assumed 
that the braking torque BE by engine brake in the area 
Bg is identical with the braking torque BE in the area Bp. 
[njhearea Bp, the -motor.^20 outputs an additional brak-. 
■ThgTorque exp^ direction* 
as that of the braking torque by engine brake. The total 
braking torque, which is obtained as the sum of the brak- 
ing torque by engine brake and the additional braking 
torque by the motor 20, is output to the axle 17. The 
output braking torque is accordingly greater than the 
braking torque BE by engine brake as shown in a 
hatched area. 

[01 20] The hybrid vehicle of the embodiment changes 
the driving state of the motor 20 between the regenera- 
tive operation and the power operation, so as to attain 
the higher deceleration and the lower deceleration than 
the deceleration only by engine brake. The map of Fig. 
11 is set to make the area of deceleration attained by 
the power operation of the motor 20 at a specific position 
of the change-speed gear having a greater gear ratio 
overlap the area of deceleration attained by the regen- 
erative operation of the motor 20 at a specific position 
of the change-speed gear having a smaller gear ratio. 
For example, the braking area by the power operation 
of the motor 20 at the second speed (2 nd ) is made to 
overlap the braking area by the regenerative operation 
of the motor 20 at the third speed (3 rd ). 
[0121] This arrangement ensures the braking control 
according to the state of charge SOC of the battery 50. 
In the case where the battery 50 is in a state that allows 
further charging, the position of the change-speed gear 
having a smaller gear ratio is selected to attain the de- 
sired deceleration by the regenerative operation of the 
motor 20. In the case.where the battery 50 is in a state 
that is close to the full charge, on the other hand, the 
position of the change-speed gear having a greater gear 
ratio is selected to attain the desired deceleration by the 
power operation of the motor 20. The technique of the 
embodiment sets the areas of deceleration at two adja- 
cent positions of the change-speed gear in an overlap- 
ping manner, thereby attaining the desired deceleration 
irrespective of the state of charge SOC of the battery 50. 



[0122] The above settings are only one example, 
where the area of deceleration at each position of the 
change-speed gear overlaps the areas of deceleration 
at the adjacent positions of the change-speed gear as 
5 ..shown in the map of Fig. 1 1 . One possible modification 
sets the area of deceleration attained at each position 
of the change-speed gear in a non-overlapping manner. 
Another possible modification sets the area of deceler- 
ation attained at each position of the change-speed gear 
10 partly in an overlapping manner. 

[0123] The setting of the deceleration corresponds to 
the lower limit of the power source braking applied to 
the vehicle. Here it is assumed that the setting of the 
deceleration is on the straight line BL. In the case where 

is the position of the change-speed gear is at the third 
speed (3 rd ) in the area of higher vehicle speed than Vc, 
the actual deceleration is always greater than the decel- 
eration corresponding to the straight line BL. The lower 
limit of the deceleration is set in the hybrid vehicle of the 

so., embodiment... The, desired* deceleration: jsvaccordinigly 
attained in this "case, Namely, in the above case/the 
control procedure does not change the position of the 
change-speed gear over to the fourth speed (4 th ) or the 
fifth speed (5 th ) to attain a relatively low deceleration 

25 corresponding to the straight line BL. In the event that 
the driver presses the Can-Decel switch to lowerthe set- 
ting of the deceleration, however, the position of the 
change-speed gear should be changed over to attain 
the deceleration required by the driver. 

30 [0124] As described above, the technique of this em- 
bodiment effects the braking control with the decelera- 
tion according to the driver's setting. Such braking con- 
• trol is carried out when the gearshift lever Is in the E 
position (hereinafter referred to as the E position braking 

35 control). The standard braking control is performed in 
the case where the gearshift lever is out of the E posi- 
tion. The standard braking control does not change over 
the position of the change-speed gear, unlike the E po- 
sition braking control. The standard braking control ac- 

40 cordingly effects the braking at the present position of 
the change-speed gear used at the time when the power 
source braking starts application. When the gearshift le- 
ver is set in the drive position (D), the vehicle is typically 
driven at the fifth speed (5 th ). The braking is thus per- 

^5 formed with a relatively low deceleration that can be at- 
tained at the fifth speed (5 th ). When the gearshift lever 
is set in the fourth position (4), the vehicle is driven up 
to the fourth speed (4 th ). The braking is thus performed 
with a little higher deceleration than the deceleration in 

so the drive position (D). In the case of standard braking 
control, the motor 20 carries out the regenerative oper- 
ation in which the braking force gives a certain load. The 
standard braking control does not allow the wide range 
of deceleration at each position of the change-speed 

55 gear as shown in the map of Fig. 11 , but attains only the 
deceleration along one straight line at each position of 
the change-speed gear. 



17 



33 



EP 1 160 119 A1 



34 



(3) Drive Control Process 

[0125] In the hybrid vehicle of the embodiment, the 
control unit 70 controls the operations of the engine 10 
and the motor 20, so as to enable the drive discussed 
above. The following describes the details of the speed 
reduction control in the course of the braking operation, 
which is characteristic of the hybrid vehicle of the em- 
bodiment. 

[0126] Fig. 15 is a flowchart showing a speed reduc- 
tion control routine, which is executed at predetermined 
time intervals by the CPU included in the control unit 70. 
When the program enters the speed reduction control 
routine of Fig. 1 5, the CPU first carries out an initial set- 
ting process (step S10). The initial setting process sets 
the initial value of the target deceleration required for 
the speed reduction control and cancels the current set- 
ting of the target deceleration. The initial setting process 
is carried out not only at the first cycle of the- speed re- 
duction control routine but at every iterative cycle of the 
speed reduction control routine. 
[01 27] Fig. 1 7 is a flowchart showing details of the in- 
itial setting process. In the initial setting process routine, 
the CPU first receives signals from various switches 
(step S15). The signals input here are those enumerat- 
ed in Fig. 8. The signals directly relating to the initial set- 
ting process routine are only the gearshift position signal 
and the E position switch signal. The procedure of step 
S1 5 may thus input only the gearshift position signal and 
the E position switch signal. 

[0128] The CPU then determines whether or not the 
gearshift position has been changed overfromthe D po- 
sition to the E position, based on the input signals (step 
S20). In the case where the currently input gearshift po- 
sition is the E position and the previously input gearshift 
position is the D position, the CPU determines that the 
above changeover has been implemented. The deter- 
mination may alternatively be based on the change of 
the state of the E position switch from the OFF position 
to the ON position. 

[0129] When it is determined that the gearshift posi- 
tion has been changed over from the D position to the 
E position, the E position indicator (see Fig. 7) is turned 
on (step S40). An ON signal for turning the E position 
indicator on is output as the system indicator signal 
shown in Fig. 8. The E position indicator lights up in re- 
sponse to this ON signal. Simultaneously with the light- 
up of the E position indicator, the CPU sets an initial val- 
ue corresponding to the D position to the target decel- 
eration (step S45). 

[0130] In the case where the power source braking 
starts application at the fifth speed (5 th ) while the gear- 
shift lever is set in the D position, the procedure of step 
S45 sets the deceleration attained at the fifth speed (5 th ) 
to the initial value of the target deceleration. In this em- 
bodiment, as shown in the map of Fig. 11 , in the area of 
low vehicle speed, the minimum possible setting of the 
deceleration (defined by the straight line BL) may be 



greater than the deceleration attained at the fifth speed 
(5 th ). Although not being specifically shown in the flow- 
chart, the setting of the target deceleration at step S45 
is performed only in the possible range of deceleration 
s at the E position. When the deceleration attained at the 
D position is lower than the minimum possible setting of 
the deceleration (the straight line BL) at the E position, 
the value corresponding to the straight line BL is set to 
the target deceleration. The initial setting of the target 
deceleration accordingly depends upon the position of 
the change-speed gear used in the D position. The initial 
setting of the target deceleration is equivalent to the de- 
celeration attained at the D position in the area of rela- 
tively high vehicle speed. The initial setting of the target 
deceleration may, however, be greater than the decel- 
eration attained at the D position in the area of relatively 
low vehicle speed. 

[0131] One modified procedure of step S45 uncondi- 
tionally sets an initial value of greater than the deceler- 
ation attained at the D position to the target deceleration. 
In many cases, the driver desires to change the decel- 
eration at the E position when feeling insufficiency of the 
deceleration attained at the D position. Setting the initial 
value of greater than the deceleration at the D position 
to the target deceleration at step S45 enables the de- 
celeration required by the driver to be attained quickly. 
The processing of step S45 aims at setting the initial 
value of the target deceleration at the E position, on the 
basis of the deceleration attained at the D position. This 
arrangement enables the driver to readily estimate the 
value of deceleration immediately after the changeover 
of the gearshift position to the E position. This facilitates 
the setting of the deceleration at the E position and re- 
duces the driver's sense of incompatibility at the time of 
changeover to the E position, 

[0132] The CPU then sets the position of the change- 
speed gear used in the D position to an initial position 
of the change-speed gear (step S50). As described pre- 
viously, the hybrid vehicle of the embodiment regulates 
the torque of the motor 20 in combination with the 
changeover of the position of the change-speed gear at 
the E position, thereby effecting the braking with the set- 
ting of the target deceleration. The setting of the target 
deceleration here represents the minimum level of the 
deceleration required by the driver. In the case where 
the deceleration corresponding to the straight line BL in 
the map of Fig. 11 is set to the target deceleration, the 
position of the change-speed gear attaining the desired 
deceleration at the vehicle speed Vs can be selected 
among the second speed (2 nd ) through the fifth speed 
(5 th ). The processing of step S50 selects the position of 
the change-speed gear currently used in the D position 
out of the possible alternatives to the initial setting. This 
arrangement prevents the position of the change-speed 
gear from being changed simultaneously with the 
changeover of the gearshift position to the E position. 
This favorably reduces possible shocks at the time of 
the changeover to the E position. 
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[0133] When It is determined at step S20 that the 
gearshift position has not been changed over from the 
D position to the E position, on the other hand, the CPU 
subsequently determines whether or not the gearshift 
position has been changed over from the E position to 
the D position (step S25). In the case where the currently 
input gearshift position is the D position and the previ- 
ously input gearshift position is the E position, the CPU 
determines that the above changeover has been imple- 
mented. The determination may alternatively be based 
on the change of the state of the E position switch from 
the ON position to the OFF position. 
[0134] When it is determined that the gearshift posi- 
tion has been changed over from the E position to the 
D position, the E position indicator (see Fig. 7) is turned 
off (step S30). An OFF signal for turning the E position 
indicator off is output as the system indicator signal 
shown in Fig. 8. The E position indicator lights out in 
response to this OFF signal. Simultaneously with the 
light-out of the-E position-indicator, the CPU cancels the 
current setting of the target Seceleratlbn (stepl&5)."The 
driver operates the Decel switch and the Can-Decel 
switch to set the desired deceleration during a drive at 
the E position as discussed later. The processing of step 
S35 cancels such setting of the desired deceleration. 
[0135] In many cases, the deceleration required by 
the driver varies according to the driving state of the ve- 
hicle. There is accordingly relatively little necessity of 
storing the current setting of the target deceleration as 
provision for a next selection of the E position. The driver 
rarely remembers the current value of the target decel- 
eration set previously. The arrangement of not canceling 
the current setting of the target deceleration but using 
the current setting at the time of a next selection of the 
E position may cause the braking control to be per- 
formed with the deceleration against the expectation of 
the driver, simultaneously with the changeover of the 
gearshift position to the E position. In order to prevent 
such troubles, the technique of this embodiment cancels 
the current setting of the target deceleration every time 
the gearshift position is changed over from the E posi- 
tion to the D position. 

[0136] A variety of techniques other than the proce- 
dure discussed above may be applied to cancel the cur- 
rent setting of the target deceleration. One available 
technique cancels the current setting of the target de- 
celeration every time the gearshift position is changed 
over from the D position to the E position, instead of from 
the E position to the D position. The procedure of this 
embodiment sets the initial value of the target deceler- 
ation regardless of the previous setting at the time of the 
changeover to the E position. The processing of step 
S35 to cancel the current setting may thus be omitted. 
An operation of canceling the current setting of the tar- 
get deceleration may be provided separately. In this 
case, the current setting of the target deceleration is not 
cancelled at the time of the changeover of the gearshift 
position from the E position to the D position, but is can- 



celled only in response to a specific operation, for ex- 
ample, an operation of a cancel switch. 
[0137] As described above, the CPU carries out the 
initial setting of the target deceleration and the position 

5 of the change-speed gear or the cancellation of the cur- 
rent setting of the target deceleration at the time of the 
changeover of the gearshift position to the E position or 
to the.D position, and exits from the initial setting proc- 
ess routine. When it is determined at step S25 that the 

10 gearshift position has not been changed over from the 
E position to the D position, that is, when the gearshift 
position has been kept at the E position or at the D po- 
sition, the initial setting process does not require the 
change of the settings of the target deceleration and the 

* 5 position of the change-speed gear. The CPU according- 
ly exits from the initial setting process routine without 
any further processing. 

[0138] Referring back to the flowchart of Fig, 15, after 
the conclusion of the initial setting process routine, the 

2 ° ^ CPU carries out a .deceleration netting process.:(step 
S1 00). The deceleration setting process sets the decel- 
eration to be attained at the E position, in response to 
the operations of the Decel switch and the Can-Decel 
switch. The details of the deceleration setting process 

25 are described with reference to Fig. 18. 

[0139] Fig, 18 is a flowchart showing a routine of the 
deceleration setting process. When the program enters 
the deceleration setting process routine, the CPU first 
receives signals from various switches (step S1 05). The 

30 signals input here are the Decel switch signal, the Can- 
Decel switch signal, the E position switch signal, and the 
snow mode switch signal among the various signals 
enumerated in Fig. 8, although the other signals may 
additionally be input. 

35 [0140] The CPU determines whether or not the E po- 
sition is currently selected, based on the input signals 
(step S110). More specifically the determination is 
based on the on-off state of the E position switch. When 
the E position is not selected at present, the CPU deter- 

40 mines that there is no necessity of changing the current 
setting of the deceleration and exits from the decelera- 
tion setting process routine without any further process- 
ing. 

[0141] When it is determined at step S110 that the E 
^5 position is selected at present, on the other hand, the 
CPU subsequently determines whether or not there is 
any failure with regard to the Decel switch and the Can- 
Decel switch (step S115). A variety of techniques are 
applicable to detect the possible failure. For example, 
50 jn the case of a contact failure of the switch, chattering 
occurs to cause extremely frequent switch-over be- 
tween the ON position and the OFF position. The on-off 
change at a frequency of or over a predetermined level 
over a preset time period leads to detection of the switch 
55 failure. On the contrary, the continuous switch-on state 
for a longer time period than expected from the standard 
operation also leads to detection of the switch failure. 
[0142] When any failure of the switch is detected, the 
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CPU cancels the current setting of the target decelera- 
tion (step S170), in order to prevent the deceleration 
from being set against the intention of the driver. The 
processing may alternatively keep the current setting of 
the target deceleration unchanged. The procedure 
adopted in this embodiment takes into account the pos- 
sibility that there is a failure of the switch while the driver 
corrects the deceleration set against the intention of the 
driver, and cancels the current setting of the target de- 
celeration. After the cancellation of the current setting 
of the target deceleration, the CPU gives a failure dis- 
play to inform the driver of the switch failure (step S1 75). 
A variety of techniques may be applied for the failure 
display. The technique adopted in this embodiment 
gives a sound alarm while flashing the E position indi- 
cator (see Fig. 7). These alarms are effected by output- 
ting adequate signals as the alarm signal and the sys- 
tem indicator signal shown in Fig. 8. 
[0143] The CPU then prohfbits.the E position braking 
control (step S1 80); A concrete procedure for the prohi- 
bition in this embodiment sets a prohibition flag, which 
is used to prohibit braking at the E position. As dis- 
cussed later, in the actual process of braking control, 
braking at the E position is prohibited or allowed by the 
set and reset of the prohibition flag. This arrangement 
causes the braking control corresponding to the D po- 
sition to be performed, whether or not the gearshift lever 
is at the E position. In the case of the switch failure, the 
CPU carries out the above series of processing and then 
exits from the deceleration setting process routine. 
[0144] When it is determined at step S115 that there 
is no switch failure, on the other hand, the CPU shifts to 
a subsequent series of processing to change the setting 
of the target deceleration. The CPU first determines 
whether or not the Decel switch and the Can-Decel 
switch are operated simultaneously (step S120). In the 
case of the simultaneous operations of both the switch- 
es, it is unclearwhich of the operations of the two switch- 
es is preferential. The CPU accordingly skips the sub- 
sequent process of changing the setting of the target 
deceleration and keeps the current setting of the target 
deceleration unchanged. 

[0145] As shown in Figs. 4 and 5, the hybrid vehicle 
of the embodiment allows the driver to set the target de- 
celeration by the operation of the gearshift lever as well 
as by the operations of the switches mounted on the 
steering wheel. There is accordingly a possibility that the 
driver operates the gearshift lever to set on the Decel or 
Can-Decel switch simultaneously with the operation of 
the Can-Decel or Decel switch on the steering wheel by 
accident or by mistake. There is also a possibility that 
the driver simultaneously operates the Decel switch and 
the Can-Decel switch mounted on the steering wheel by 
accident or by mistake. It is highly possible that the driv- 
er accidentally presses the Decel switch or the Can-De- 
cel switch without any intention of changing the setting 
of the deceleration, while operating the steering wheel 
for the purpose of steering. The technique of the em- 



bodiment keeps the current setting of the target decel- 
eration unchanged in the case of the simultaneous op- 
erations of both the Decel switch and the Can-Decel 
switch. This intends to prevent the setting of the target 
5 deceleration from being changed by the wrong opera- 
tion against the intention of the driver. 
[01 46] In the case of a non-simultaneous operation of 
the Decel switch or the Can-Decel switch, on the other 
hand, the setting of the target deceleration is changed 

10 jn response to the corresponding switch operation. 
When it is determined that the Decel switch is on (step 
S125), the CPU increases the setting of the target de- 
celeration (step S130). When it is determined that the 
Can-Decel switch is on (step S135), on the contrary, the 

15 CPU decreases the setting of the target deceleration 
(step S140). In the procedure of this embodiment, the 
setting of the target deceleration is changed in a step- 
wise manner according to the number of operations of 
the corresponding switch. In the case of non operation 

20 of either of the switches, the current setting of the target 
deceleration is naturally not changed. 
[0147] After setting the target deceleration by the se- 
ries of processing discussed above (steps S1 20 through 
S140), the CPU determines whether or not the current 

25 setting of the deceleration is within a rejection range 
(step S145). The technique of this embodiment varies 
an upper limit of the deceleration according to the on- 
off state of the snow mode switch (see Fig. 8). The snow 
mode switch is pressed by the driver when the vehicle 

30 runs on the road surface having a lowf riction coefficient, 
such as the snow-covered road. An abrupt braking op- 
eration during a drive on the road surface having a low 
friction coefficient may cause the vehicle to slip or skid. 
The driver's ON operation of the snow mode switch re- 

35 stricts the upper limit of the deceleration to a certain lev- 
el that avoids such a slip or a skid of the vehicle. 
[0148] When the current setting of the deceleration 
exceeds the upper limit, it is determined that the current 
setting of the deceleration is within the rejection range. 

40 In the case of the determination that the current setting 
of the deceleration is within the rejection range, the CPU 
restricts the current setting of the deceleration to the al- 
lowable upper limit (step S150). The CPU then informs 
the driver of the restricted setting of the target deceler- 

45 ation (step S1 55). The technique adopted in this embod- 
iment flashes the deceleration indicator 224 for about 
one second, simultaneously with sounding an alarm. 
These alarms are effected by outputting adequate sig- 
nals as the alarm signal and the deceleration indicator 

50 signal shown in Fig. B. When it is determined at step 
S145 that the current setting of the deceleration is not 
within the rejection range, on the other hand, the CPU 
skips this series of processing. The CPU displays the 
deceleration, which has just been set by the above se- 

55 hes of processing, on the deceleration indicator 224 
(step S160), and exits from the deceleration setting 
process routine. 

[0149] The detailed process of changing the setting 
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of the target deceleration by the above series of 
processing (steps S1 20 through S1 40) is described with 
referring to concrete examples of Figs. 19 through 22. 
Fig. 19 is a timing chart showing a first example of the 
setting. In the timing chart of Fig. 19, variations in on-off 5 
state of the Decel switch and the Can-Decel switch, in 
setting of the target deceleration, and in torque of the 
motor 20 and position of the change-speed gearto attain 
the setting of the target deceleration are plotted against 
time as abscissa. The vehicle speed is set to a fixed val- 10 
ue in the example of Fig. 19. 

[0150] The Decel switch is set on at a time point a1 . 
Although not being specifically shown in the flowchart 
of Fig. 1 8, the technique of this embodiment accepts a 
change of the setting only when the switch is continu- is 
ously kept on for a predetermined time period. The CPU 
inputs the operation of the switch at step S105 in the 
deceleration setting process routine (Fig. 18), based on 
the result of the determination of whether or not the 
~switch--iscontinuously -kept on for the predetermined 20 
time~peri6d. Because^ 

tering, in general, the ON signal and the OFF signal are 
detected alternately at very short cycles when the state 
of the switch is changed over to the ON position or to 
the OFF position. The arrangement of accepting the 25 
change of the setting only after the elapse of the prede- 
termined time period effectively prevents the decelera- 
tion from being significantly varied agarnst the intention 
of the driver due to the chattering. 

[0151] Accepting the input of the operation of the 30 
switch only afterthe continuous actuation thereof for the 
predetermined time period advantageously prevents 
the setting of the target deceleration from being 
changed when the driver unintentionally touches the 
switch. The Decel switches and the Can-Decel switches 35 
are provided on the steering wheel in this embodiment, 
so that there is a high possibility that the driver acciden- 
tally touches any of the switches. The means of prevent- 
ing the setting of the target deceleration from being 
changed by a driver's accidental touch or operation of *o 
the switch is thus especially effective in the structure of 
the embodiment. 

[0152] The predetermine time period (hereinafter re- 
ferred to as the ON-decisibn reference time) is set as 
the criterion used to determine whether the driver has *s 
operated the switch intentionally or unintentionally. Set- 
ting an excessively small value to the ON-decision ref- 
erence time heightens the possibility that the setting of 
the target deceleration is changed by even a driver's ac- 
cidental operation of the switch. Setting an excessively so 
large value to the ON-decision reference time, on the 
other hand, worsens the response of the Decel switch 
and the Can-Decel switch. An appropriate value should 
thus be set, for example, experimentally, to the ON-de- 
cision reference time by taking into account these con- 35 
ditions. The driver may alternatively set a desired value 
to the ON-decision reference time. 
[0153] In the example of Fig. 19, the time period be- 



tween the time point a1 and a time point a2 exceeds the 
ON-decision reference time. The target deceleration is 
accordingly increased by one step at the time point a2. 
As described previously with Fig. 11, the technique of 
. the embodiment carries out the torque control in combi- 
nation with the changeover of the position of the change- 
speed gear, in order to attain an arbitrary deceleration 
in a wide range. As clearly shown in the map of Fig. 11 , 
the allowable range of the deceleration is varied on the 
large scale by changing over the position of the change- 
speed gear and on the fine scale by regulating the motor 
torque. In this embodiment, the target deceleration is 
changed in a stepwise manner on a relatively fine scale. 
The varied step of the target deceleration at the time 
point a2 in Fig. 1 9 is in a range that is changeable with- 
out the changeover of the position of the change-speed 
gear but is achieved by the regulation of the motor 
torque. In this example, the fifth speed (5 th ) is set as the 
initial position of the change-speed gear. 
. [01.54] . When 
for a time period between time points a3 and a4, which 
exceeds the ON-decision reference time, the target de- 
celeration is further increased by another step as shown 
in Fig. 19. This second variation of the target decelera- 
tion does not require the changeover of the position of 
the change-speed gear but is achieved by the regulation 
of the motor torque. In this embodiment, the respective 
steps of the variation in target deceleration are set on 
the fine scale. This arrangement advantageously wid- 
ens the possible range of selection on the setting of the 
target deceleration without changing over the position 
of the change-speed gear. The driver can thus readily 
set a desired deceleration. The motor torque is varied 
at the time point a4, while the position of the change- 
speed gear is kept at the fifth speed (5 th ) as shown in 
Fig. 19. 

[0155] In the technique of the embodiment, an oper- 
ation interval reference time, which relates to the interval 
between successive operations of the switch, in addition 
to the ON-decision reference time, is set as anothercon- 
drtion of accepting the input of the operation of the 
switch. In the case of successive operations of the 
switch, only when there is a time interval of or over the 
operation interval reference time between a first opera- 
tion and a second operation, the second operation is ac- 
cepted as effective. The CPU inputs the operation of the 
switch at step S105 in the deceleration setting process 
routine (Fig. 1 8), based on the determination of whether 
or not the time interval of or over the operation interval 
reference time has elapsed since the previous opera- 
tion. 

[0156] In the example of Fig. 19, as the third opera- 
tion, the Decel switch is continuously kept on for a time 
period between time points a5 and a6. The operation 
time exceeds the ON-decision reference time. However, 
the time interval between the second operation and the 
third operation, that is, the time interval between the time 
points a4 and a5, is rather short. Here the time interval 
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is shorter than the operation interval reference time. Al- 
though the operation time of the switch exceeds the ON- 
decision reference time, the third operation is not ac- 
cepted as effective and changes none of the setting of 
the target deceleration, the motor torque, and the posi- 
tion of the change-speed gear. 

[0157] The arrangement of using the operation inter- 
val reference time effectively prevents the setting of the 
target deceleration from being varied in an excessively 
abrupt manner in response to a driver's operation. When 
the driver carries out some operation to change the de- 
celeration to a new setting, there is generally a certain 
time delay to the actual speed reduction at the new set- 
ting of the deceleration. If the change of the setting of 
the target deceleration is accepted without using the op- 
eration interval reference time, there is a possibility that 
the setting of the target deceleration is successively 
changed without checking the actual decelerations at- 
tained .by the successive-settingsrT^is may cause the 
deceleration to be varied abruptly over the intention of 
the driver. The arrangement of this embodiment sets the 
operation interval reference time to prevent such trou- 
bles. 

[0158] The setting of the operation interval reference 
time may be specified experimentally or by another 
method tofulfill the above object. Setting an excessively 
small value to the operation interval reference time does 
not allow a sufficiently gentle variation of the setting of 
the target deceleration. Setting an excessively large val- 
ue to the operation interval reference time, on the other 
hand, requires an undesirably long time to vary the set- 
ting of the target deceleration, thereby lowering the op- 
eratabillty. An appropriate value should thus be set, for 
example, experimentally, to the operation interval refer- 
ence time by taking into account these conditions. The 
driver may alternatively set a desired value to the oper- 
ation interval reference time. 

[0159] In the example of Fig. 1 9, as the fourth opera- 
tion, the Decel switch is continuously kept on for a time 
period between time points a7 and a8, which exceeds 
the ON-decision reference time. The target deceleration 
is thus increased again by still another step in response 
to the fourth operation. The target deceleration is ac- 
cordingly increased by three steps from the reference 
level prior to any operation of the Decel switch. In this 
embodiment, the variation in deceleration of this level is 
not attained only by regulating the motor torque. In re- 
sponse to the fourth operation, the position of the 
change-speed gear is thus changed from the fifth speed 
(5 th ) to the fourth speed (4 th ) with the increase in setting 
of the target deceleration. The changeover of the posi- 
tion of the change-speed gear is implemented according 
to the map of Fig. 1 1 as discussed previously. Changing 
over the position of the change-speed gear to the fourth 
speed (4 th ) widens the possible range of deceleration. 
The motor torque is accordingly decreased in response 
to the fourth operation, in order to attain the level of de- 
celeration that is increased by three steps from the ref- 



erence level. The motor torque is specified against the 
setting of the target deceleration and the position of the 
change-speed gear according to the map of Fig. 11 . 
[0160] Changing over the position of the change- 

5 speed gear with an increase in deceleration advanta- 
geously attains quick acceleration, as well as the re- 
quired deceleration. After the braking operation at a high 
deceleration, quick acceleration is generally required to 
return the vehicle speed to the previous level priorto the 

10 braking control. Changeover of the position of the 
change-speed gear to a greater gear ratio with an in- 
crease in deceleration ensures the quick acceleration at 
the new position of the change-speed gear after the 
braking control. The arrangement of changing over the 

is position of the change-speed gear according to the set- 
ting of the target deceleration thus improves the re- 
sponse of the vehicle at the time of speed reduction and 
acceleration. 

[0161] The following description regards a series of 

20 operations to increase the deceleration . A similar series 
of operations is carried out to decrease the deceleration. 
In the example of Fig. 1 9, the Can-Decel switch is con- 
tinuously kept on as the fifth operation for a time period 
between time points a9 and a10. This time period ex- 

25 ceeds the ON-decision reference time. The target de- 
celeration is lowered by one step to the level set at the 
time point a4, in response to this operation. The position 
of the change-speed gear and the motor torque are si- 
multaneously changed to attain this deceleration. 

30 [0162] As the sixth operation, the Can-Decel switch is 
continuously kept on for a time period between time 
points all and a12, which is however, shorter than the 
ON-declsion reference time. The sixth operation is ac- 
cordingly ineffective and does not change any of the set- 

35 ting of the target deceleration, the motor torque, or the 
position of the change-speed gear. Although not being 
specifically illustrated in the example of Fig. 19, when 
the time interval between two consecutive operations of 
the Can-Decel switch is shorter than the operation in- 
terval reference time, the second operation is deter- 
mined to be ineffective and does not change the decel- 
eration or any other related factors. 
[0163] The following describes a second example of 
setting the target deceleration. Fig. 20 is a timing chart 

45 showing the second example of the setting of deceler- 
ation. In this example, the Decel switch is continuously 
kept on for a time period between time points b1 and b2, 
which exceeds the ON-decision reference time. As de- 
scribed in the first example of the setting, the target de- 

50 celeration is increased by one step in response to this 
operation. The motor torque also increases to attain the 
target deceleration. 

[0164] The Decel switch is then continuously kept on 
as the second operation for a time period between time 
55 points b3 and b6, which also exceeds the ON-decision 
reference time. In this case, however, while the Decel 
switch is operated, the Can-Decel switch is also kept on 
for a time period between time points b4 and b6. A time 
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period between the time point b3 at which the operation 
of the Decel switch starts and the time point b4 at which 
the operation of the Can-Decel switch starts is shorter 
than the ON-decision reference time. At the time point 
b4 when the operation of the Can-Decel switch starts, 
the operation of the Decei switch is thus not accepted 
as effective. 

[0165] As described previously in the deceleration 
setting process routine, the CPU of the control unit 70 
does not change the setting of the target deceleration 
in the case of simultaneous operations of the Decel 
switch and the Can-Decel switch (see step S120 in Fig. 
1 8) . In the example of Fig. 20, although the Decel switch 
is continuously kept on for the time period between the 
time points b3 and b5, which exceeds the ON-decision 
reference time, this operation changes none of the set- 
ting of the target deceleration, the motor torque, and the 
position of the change-speed gear. This is because both 
the time period when only the Decelswitch is operated 
(the time period between the time points .b3,and b4) and 
the time period when orily'the^Cah-Decersw'rtchls op- 
erated (the time period between the time points b5 and 
b6) are shorter than the ON-decision reference time. If 
the time period between the time points b3 and b4 ex- 
ceeds the ON-decision reference time, the setting of the 
target deceleration is increased by one step in response 
to the operation of the Decel switch. If the time period 
between the time points b5 and b6 exceeds the ON-de- 
cision reference time, on the other hand, the setting of 
the target deceleration is decreased by one step in re- 
sponse to the operation of the Can-Decel switch. 
[0166] After elapse of a time interval of or over the 
operation Interval reference time, the Decel switch is 
continuously kept on as the third operation for a time 
period between time points b7 and bB, which exceeds 
the ON-decision reference time. The third operation is 
accepted as effective, and increases the setting of the 
target deceleration by another step while simultaneous- 
ly raising the motor torque. 

[0167] The second operation discussed above re- 
gards the case in which the operation of the Can-Decel 
switch starts while the Decel switch is continuously kept 
on. The setting of the target deceleration Is also not var- 
ied when the operation of the Can-Decel switch starts 
first in the course of simultaneous operations of the De- 
cel switch and the Can-Decel switch. In the example of 
Fig. 20, the Can-Decel switch is continuously kept on as 
the fourth operation for a time period between time 
points b9 and b1 1 . During the operation of the Can-De- 
cel switch, the Decel switch is also kept on for a time 
period between time points b10 and b12. Namely both 
the switches are simultaneously in ON position for a time 
period between the time points b10 and b11. As de- 
scribed previously in the case of the second operation, 
the fourth operation changes none of the setting of the 
target deceleration, the motor torque, and the position 
of the change-speed gear. 

[0168] In the case of the simultaneous operations of 



the Dece! switch and the Can-Decel switch, it is highly 
possible that the driver mistakenly operates these 
switches. As shown in the concrete example of Fig. 20, 
when the Decel switch and the Can-Decel switch are 
5 .operated simultaneously, the setting of the target decel- 
eration is kept unchanged. This arrangement effectively 
prevents the setting of the target deceleration from be- 
ing changed mistakenly or accidentally against the in- 
tention of the driver. This arrangement also prevents the 
10 setting of the target deceleration from being changed 
frequently at the respective pressing timings of the De- 
cel switch and the Can-Decel switch. 
[0169] in the first and the second examples of the set- 
ting (Figs. 19 and 20), the setting of the target deceler- 
15 ation is varied in a stepwise manner according to the 
number of operations of the Decel switch and the Can- 
Decel switch. Such arrangement attains the plain setting 
of the target deceleration. The stepwise change enables 
the target deceleration to be varied in a wide range by 
operations of a. relativejy^hort-tirne, thereby achieving 
* ifieTexceileht operafa&ilify. The setting of the target de- 
celeration may alternatively be varied in a continuous 
manner according to the operation time of the switch. 
The timing chart of Fig. 21 shows a third example of set- 
ting the target deceleration, which is varied according to 
the operation time. 

[0170] In this example, the Decel switch is continu- 
ously kept on as the first operation for a time period be- 
tween time points c1 and c3. Like the first and the sec- 
ond examples of the setting, the switch operation is ac- 
cepted as effective when the time period of the switch 
operation exceeds the ON-decision reference time. In 
the example of Fig. 21 , a time period between the time 
points d and c2 corresponds to the ON-decision refer- 
ence time. In the first operation, the target deceleration 
is raised in proportion to the operation time of the Decel 
switch between the time points c2 and b3. The motor 
torque simultaneously varies to attain the target decel- 
eration. 

[01 71 ] When the Decel switch is continuously kept on 
as the second operation for a time period between time 
points c4 and c6, the target deceleration is raised in pro- 
portion to the operation time of the Decel switch after 
the time period c5 when the ON-decision reference time 
has elapsed since the start of the switch operation. The 
motor torque varies simultaneously with the increase in 
target deceleration. In the third example of the setting, 
the target deceleration set by the first and the second 
operations can be attained only by varying the motor 
torque, so that the position of the change-speed gear is 
not changed. In the case where the setting of the target 
deceleration is not attained only by varying the motor 
torque, the position of the change-speed gear is 
changed over according to the map of Fig. 11. 
[0172] The Decel switch is again continuously kept on 
as the third operation for a time period between time 
points c7 and c8. In this case, however, the time interval 
between the time point c6 when the second operation 
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is terminated and the time point c7 when the third oper- 
ation starts is shorter than the operation interval refer- 
ence time. As described previously in the first and sec- 
ond examples of the setting, the third operation is not 
accepted as effective and does not vary the target de- s 
celeration. 

[0173] As the fourth operation, the Decel switch is 
continuously kept on for a time period between time 
points c9 and c1 0, which is shorter than the ON-decision 
reference time. The fourth operation is accordingly not 10 
accepted as effective and does not vary the target de- 
celeration. 

[0174] In the third example of the setting, as in the 
case of raising the target deceleration, the target decel- 
eration is lowered according to the operation time of the 15 
Can-Decel switch. When the Can-Decel switch is con- 
tinuously kept on as the fifth operation for a time period 
between time points c11 and c13, the setting of the tar- 
get deceleration is reduced- in proportion to the opera- 
tion time of the Gan-Decel switch after the time period 20 
c12 when the ON-decision reference time has elapsed. 
[0175] As the sixth operation, the Can-Decel switch is 
continuously kept on for a time period between time 
points c14 and c15, which is shorter than the ON-deci- 
sion reference time. The sixth operation is accordingly 25 
not accepted as effective and does not vary the target 
deceleration. 

[0176] The arrangement of varying the target decel- 
eration in a continuous manner according to the opera- 
tion time of the switch as described in the third example 30 
of the setting enables the driver to obtain the desired 
deceleration without operating the switch many times. 
Another advantage of such continuous variation of the 
target deceleration is to ensure the minute adjustment 
of the target deceleration according to the intention of 35 
the driver. Although the target deceleration is varied in 
proportion to the operation time of the switch in the third 
example of the setting, the target deceleration may be 
varied non-linearly against the operation time of the 
switch. One exemplified process of such modification 40 
varies the target deceleration by a gentle slope at the 
beginning of the operation of the switch and by a more 
abrupt slope with elapse of the operation time. 
[0177] The timing chart of Fig. 22 shows a fourth ex- 
ample of the setting, where the setting of the target de- 45 
celeration enters the rejection range. In the fourth ex- 
ample of the setting, the Decel switch is continuously 
kept on as the first operation for a time period between 
time points d1 and d3. The operation of the Decel switch 
is accepted as effective at a time point d2 when the ON- 50 
decision reference time has elapsed since the start of 
the switch operation. The first operation accordingly in- 
creases the setting of the target deceleration by one 
step while raising the motor torque. 

[0178] When the Decel switch is continuously kept on 55 
again as the second operation for a time period between 
time points d4 and d6, the operation of the Decel switch 
is accepted as effective at a time point d5 when the ON- 



decision reference time has elapsed. The second oper- 
ation further increases the setting of the target deceler- 
ation by another step while raising the motor torque. 
[0179] The Decel switch is continuously kept on again 
as the third operation for a time period between time 
points d7 and d9. The operation of the Decel switch is 
accepted as effective at a time point d8 when the ON- 
decision reference time has elapsed. The third opera- 
tion also raises the setting of the target deceleration. In 
the case where the upper limit of the target deceleration 
is not restricted, the target deceleration is increased by 
one step as shown by the one-dot chain line in Fig. 22. 
In this case, like the first example of the setting (Fig. 1 9), 
the operation requires not only a variation in motor 
torque but changeover of the position of the change- 
speed gear as shown by the one-dot chain lines. 
[0180] In the fourth example of the setting, however, 
the upper limit of the target deceleration is restricted to 
a value DCIim. Varying the setting of the target deceler- 
ation to the value defined by the one-dot chain line in 
response to the third operation makes the target decel- 
eration exceed the upper limit DCIim. In this case, the 
setting of the target deceleration enters the rejection 
range. As described previously (see step S150 in Fig. 
1 8), the target deceleration is restricted to the upper limit 
DCIim, that is, a value defined by the solid line in Fig. 
22. Such restriction leads to the settings of the motor 
torque and the position of the change-speed gear re- 
spectively defined by the solid lines. In the example of 
Fig. 22, the motor torque is raised to a higher level than 
the value prior to the restriction, while the position of the 
change-speed gear is kept unchanged at the fifth speed 
(5 th ). These settings follows the map of Fig. 11 , in order 
to attain the deceleration DCIim. The differences in po- 
sition of the change-speed gear and in motor torque be- 
fore and after the restriction are, however, not limited to 
such settings. 

[01 81 ] As described above with some concrete exam- 
ples, in the hybrid vehicle of this embodiment, the driver 
operates the Decel switch and the Can-Decel switch to 
set a desired deceleration. The arrangement of the em- 
bodiment effectively prevents the setting of the target 
deceleration from being changed accidentally or ex- 
tremely frequently against the intention of the driver. 
[0182] After the conclusion of the deceleration setting 
process routine, the program returns to the speed re- 
duction control routine (Fig. 15). The CPU determines 
whether or not the accelerator position or travel is in an 
effective range as the criterion of carrying out the power 
source braking control (step S200). The decision is 
based on the input signal of the accelerator position . Fig . 
16 shows the effective range of the accelerator position. 
The driver steps on the accelerator pedal 74 to change 
the pedal position. In the configuration of this embodi- 
ment, the accelerator pedal position sensor 72 detects 
the step-on amount of the accelerator pedal 74 as a 
step-on angle 6 from a full closed position. The full 
closed position represents a specific state in which the 
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accelerator pedal 74 is completely free from any oper- 
ation. 

[0183] The accelerator pedal 74 is a mechanism of 
requiring a variation in power output from the engine 1 0 
and the motor 20. When the driver steps on the accel- 
erator pedal 74 to a significant depth, the power output 
from the power source increases. The accelerator pedal 
74 has a certain play. In a range of the step-on angle 
from the full closed position to an angle 6f , the step-on 
operation of the accelerator pedal 74 does not contrib- 
ute to a variation in required power. In a range exceeding 
the play, that is, in a range of the step-on angle 6 that is 
greater than the value 0f but is not greater than a max- 
imum possible angle Omax, the required power varies 
according to the step-on angle G. In the specification 
hereof, the range of the step-on amount that contributes 
to the variation in required power is referred to as the 
effective range of the accelerator position. 
[0184] In the structure of this embodiment, the accel- 
•erator pedal position- sensor 72 detects the. step-on 
"amount of the accelerator~pedai 74 including" the range 
of the play. The procedure of step S200 accordingly de- 
termines whether or not the accelerator position is in the 
effective range, based on the comparison between the 
observed value of the accelerator pedal position sensor 
72 and the value 0f. 

[0185] When the step-on amount of the accelerator 
pedal 74 is in the effective range, the power source brak- 
ing control is not required. The CPU thus immediately 
exits from the speed reduction control routine without 
any further processing. 

[0186] When the step-on amount of the accelerator 
pedal 74 is not in the effective range, that is, when the 
step-on amount of the accelerator pedal 74 is in the 
range of the play, on the other hand, the CPU subse- 
quently determines whether or not the E position braking 
control is allowed (step S205). As described previously 
in the deceleration setting process routine (Fig. 18), in 
the case of the switch failure, the prohibition flag is set 
to prohibit the E position braking control (see step S180 
in Fig. 18). When the prohibition flag is set, the CPU 
determines that the E position braking control is not al- 
lowed. The E position braking control is also not allowed 
when the gearshift lever is not in the E position. 
[0187] When it is determined at step S205 that the E 
position braking control is not allowed, the CPU carries 
out the standard braking control and sets a predeter- 
mined negative value TmO to a target torque Tm of the 
motor 20 (step S210). The predetermined value TmO 
may arbitrarily be set within the range of the rated torque 
of the motor 20. In this embodiment, the predetermined 
value TmO is set to a level that ensures a just sufficient 
deceleration at the D position by the power source brak- 
ing. 

[0188] When it is determined at step S205 that the E 
position braking control is allowed, on the other hand, 
the CPU carries out the E position braking control. The 
concrete procedure of the E position braking control first 



selects the position of the change-speed gear (step 
S215) according to the procedure of Fig. 23. 
[0189] Fig. 23 is a flowchart showing a routine of the 
change-speed gear position selection process. In the 
5 . change-speed gear position selection routine, the CPU 
first determines whether or not the E position has just 
been selected (step S220). Like step S20 in the initial 
setting process routine (Fig. 17), the procedure deter- 
mines whether or not the gearshift position has just been 
*o changed over from the D position to the E position. The 
term 'just* implies in a time interval between the change- 
over of the gearshift position to the E position and the 
change of the setting of the target deceleration. 
[0190] When it is determined that the E position has 
15 just been selected, the CPU subsequently determines 
whether or not the setting of the target deceleration is 
attained at the position of the change-speed gear used 
in the D position (step S222). As described previously 
in the initial setting process routine (Fig. 17), when the 
gearshrft-pos[tior^has-just been changed over from, the 
D position to the E position, the position of the change- 
speed gear used in the D position is set to the initial po- 
sition of the change-speed gear. The CPU thus deter- 
mines whether or not the setting of the target decelera- 
tion is attained at the initial position of the change-speed 
gear at step S222. In the case of an affirmative answer 
at step S222, the CPU sets the initial position of the 
change-speed gear, that is, the position of the change- 
speed gear used in the D position, to the current position 
of the change-speed gear (step S224). The setting of 
the target deceleration represents the required mini- 
murh deceleration as described previously. If the maxi- 
mum deceleration attained at the position of the change- 
speed gear used in the D position is not lower than the 
setting of the target deceleration, the CPU determines 
at step S222 that the setting of the target deceleration 
is attained at the position of the change-speed gear 
used in the D position. 

[0191] When it is determined at step S220 that the E 
position has not just been selected or when it is deter- 
mined at step S224 that the setting of the target decel- 
eration is not attained at the position of the change- 
speed gear used in the D position, the position of the 
change-speed gear is set according to the map of Fig. 
11. In this case, the CPU refers to the map and deter- 
mines whether or not there are a plurality of different 
positions of the change-speed gear mapped to the set- 
ting of the target deceleration (step S226). In the case 
where there is only one position of the change-speed 
gear mapped to the setting of the target deceleration, 
the position of the change-speed gear read from the 
map is set to the current position of the change-speed 
gear (step S228). 

[0192] In the case where there are two different posi- 
tions of the change-speed gear mapped to the setting 
of the target deceleration, on the other hand, the CPU 
compares the state of charge SOC of the battery 50 with 
a predetermined value H (step S230). As described pre- 
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viously with the map of Fig. 13, there are two different 
decelerations attained at each position of the change- 
speed gear, that is, the deceleration by the regenerative 
operation of the motor 20 and the deceleration by the 
power operation of the motor 20. When there are two 
different positions of the change-speed gear mapped to 
the setting of the target deceleration, the setting of the 
target deceleration is attained by the regenerative oper- 
ation of the motor 20 at one position of the change- 
speed gear, while being attained by the power operation 
of the motor 20 at the other position of the change-speed 
gear. In the case where there are two different positions 
of the change-speed gear mapped to the setting of the 
target deceleration, the appropriate position of the 
change-speed gear is selected according to the state of 
charge SOC of the battery 50. 

[0193] When the state of charge SOC of the battery 
50 is not less than the predetermined value H, it is de- 
sirable to consume~the electric power accumulated in" 
the battery 50, in order to prevent the battery 50 from 
being excessively charged. The CPU accordingly se- 
lects the position of the change-speed gear that attains 
the setting of the target deceleration by the power oper- 
ation of the motor 20, that is, the position of the change- 
speed gear having a greater gear ratio out of the two 
alternatives (step S232). When the state of charge SOC 
of the battery 50 is less than the predetermined value 
H, on the other hand, it is desirable to charge the battery 
50. The CPU accordingly selects the position of the 
change-speed gear that attains the setting of the target 
deceleration by the regenerative operation of the motor 
20, that is, the position of the change-speed gear having 
a smaller gear ratio out of the two alternatives (step 
S234). In order to prevent the position of the change- 
speed gear from being frequently switched over be- 
tween the two alternatives according to the state of 
charge SOC, it is desirable to set a certain hysteresis 
for the determination of step S230. 
[0194] When the appropriate position of the change- 
speed gear is selected by the above series of process- 
ing, the program returns to the speed reduction control 
routine. The CPU then actually changes over the posi- 
tion of the change-speed gear (step S240). The actual 
changeover of the position of the change-speed gear is 
implemented by outputting an appropriate signal as the 
transmission control signal (see Fig. 8) and controlling 
the on-off state of the clutches and the brakes included 
in the transmission 100 according to the table of Fig. 3 
corresponding to the selected position of the change- 
speed gear. 

[0195] After the position of the change-speed gear 
has actually been changed, the CPU calculates the tar- 
get torque Tm to be output from the motor 20 (step 
S245). The total torque to be output from the engine 1 0 
and the motor 20 functioning as the power source is cal- 
culated from the setting of the target deceleration, that 
is, the torque to be output to the axle 17, at the selected 
position of the change-speed gear according to Equa- 



tions (2) through (6) with the gear ratios k1 through k5. 
The braking force output from the engine 10, that is, the 
power of engine brake, is substantially unequivocally 
determined according to the revolving speed of the 
5 crankshaft 12. The torque to be output from the motor 
20 is thus obtained by subtracting the torque by the en- 
gine brake from the total torque to be output from the 
power source. 

[0196] In this embodiment, the target torque of the 
10 motor 20 is calculated in the above manner. A map for 
specifying the target torque of the motor 20 may alter- 
natively be provided together with the map of Fig. 11. 
Another possible procedure measures the deceleration 
of the vehicle with an acceleration sensor and feedback 
15 controls the torque of the motor 20, in order to attain the 
setting of the target deceleration. Although the calcula- 
tion of the motor torque is performed after the actual 
changeover of the position of the change-speed gear in 
the flowchart of Fig. 15, this is just for convenience of 
20 illustration. The calculation may thus be performed in 
parallel to the actual changeover of the position of the 
change-speed gear. 

[01 97] The above series of processing causes the tar- 
get torque of the motor 20 to be set under the standard 
25 braking control or under the E position braking control. 
The CPU then carries out a braking control process 
(step S250). 

[0198] Fig. 24 is a flowchart showing a routine of the 
braking control process. When the program enters the 

30 braking control process routine, the CPU first deter- 
mines whether or not the brake pedal is in the ON state, 
that is, whether or not the brake pedal is stepped on 
(step S262). The decision is based on the input of the 
brake pedal signal shown in Fig. 8. When the brake ped- 

35 alis in the ON state, the CPU multiplies the target torque 
Tm of the motor 20 by a coefficient BK to correct the 
target torque Tm (step S264). When the brake pedal is 
in OFF state, on the other hand, the program skips this 
process. 

40 [0199] The coefficient BK is set equal to 1.1 underthe 
condition of the regenerative operation of the motor 20 
and equal to 0.9 under the condition of the power oper- 
ation of the motor 20. in the ON state of the brake pedal, 
the driver requires a greater deceleration. In such cases, 

45 the multiplication of the target torque of the motor 20 by 
the coefficient BK raises the deceleration of the vehicle. 
As clearly understood from the principle discussed 
above with Fig. 3, multiplication by a value greater than 
1 raises the deceleration under the condition of the re- 

50 generative operation of the motor 20. Multiplication by 
a value smaller than 0, on the other hand, raises the 
deceleration under the condition of the power operation 
of the motor 20. An adequate value may be set, for ex- 
ample, experimentally to the coefficient BK according to 

55 the deceleration to be attained in the ON state of the 
brake pedal. 

[0200] The CPU subsequently inputs the accelerator 
position or travel (step S266) and sets an accelerator 



26 



51 



EP1 160 119 A1 



52 



position correction coefficient AK based on the input ac- 
celerator position (step S26B). The accelerator position 
correction coefficient AK is used to adjust the decelera- 
tion attained by the corrected target torque Tm of the 
motor 20. The correction coefficient AK is specified, 
based on a preset table. Fig. 25 shows an example of 
this table. In the configuration of the embodiment, the 
table is stored in the ROM of the control unit 70. 
[0201] In this embodiment, the correction coefficient 
AK is set according to the accelerator position as fol- 
lows: 

accelerator position = 0 — > AK = 1 .0; 



0% < accelerator position < 0.5% — » AK = 0.5; 
0.5% < accelerator position < 1 .0% -> AK = O.3.; 

1 .0% < accelerator position < 2.0% — » AK = 0.1 . 

The accelerator position (%) is expressed as: 

actual step-on angle G of the accelerator pedal 74 
/ maximum possible step-on amount 0max (see Fig. 1 6). 
[0202] The procedure of this embodiment sets the 
correction coefficient AK to increase with a decrease in 
accelerator position. The discrete large correction coef- 
ficient is set under the condition of the accelerator posi- 
tion =0%, that is, in the full closed position of the accel- 
erator pedal. The correction coefficient AK is not set in 
a range of the accelerator position greater than 2%. This 
is because the limit angle 6f in the range of the play cor- 
responds to the accelerator position 2% in this embod- 
iment. The correction coefficient AK is not restricted to 
the settings shown in Fig. 25. One possible modification 
may set a greater number of different values at a greater 
number of different stages. Another possible modifica- 
tion may set a continuous change of the correction co- 
efficient AK as shown by the broken line in Fig. 25. 
[0203] After setting the accelerator position correction 
coefficient AK, the CPU determines whether or not the 
target torque Tm of the motor 20 corresponds to the 
power operation (step S270). When the target torque 
Tm of the motor 20 corresponds not to the power oper- 
ation but to the regenerative operation, the program 
skips the processing of next step S272 and multiplies 
the target torque Tm of the motor 20 by the correction 
coefficient AK to correct the target torque Tm (step 
S274). Such correction makes the braking torque of the 
motor 20 decrease in a stepwise manner with an in- 
crease in accelerator position. 

[0204] When the target torque Tm of the motor 20 cor- 
responds to the power operation, on the other hand, the 
CPU sets '1-AK' to the accelerator position correction 
coefficient AK (step S272) and multiplies the target 



torque Tm of the motor 20 by the new correction coeffi- 
cient AK to correct the target torque Tm (step S274). 
Under the condition of the power operation of the motor 
20, correction of the target torque of the motor 20 after 
5 . the setting of '1 -AK* makes the braking torque of the mo- 
tor 20 decrease in a stepwise manner with an increase 
in accelerator position. The setting of the accelerator po- 
sition correction coefficient AK is not restricted to the 
above equation (step S272), but any setting may be 
10 adopted to ensure an increase in correction coefficient 
AK with an increase in accelerator position. A table for 
specifying the correction coefficient AK under the con- 
dition of power operation may be provided separately, 
according to such tendency. 

'5 [0205] After the correction of the target torque of the 
motor 20 according to the on-off state of the brake pedal 
and the accelerator position, the CPU regulates the op- 
erations of the motor 20 and the engine 10 for braking 
control (step S276). In the course of regulating the en- 

2Q , gine TO, ttie.CPU stops injection of the fuel to the engine- 
"10 and ignition of the fuel, so as to effect the engine 
brake. The CPU may simultaneously regulate the WT 
mechanism mounted on the engine 10. In this embodi- 
ment, however, since the deceleration by the power 

25 source braking is controllable with the torque of the mo- 
tor 20, the CPU does not regulate the VVT mechanism. 
[0206] The motor 20 is driven by the PWM control. 
The CPU sets a voltage to be applied to the coils of the 
stator24. The voltage is specified corresponding to the 

30 revolving speed and the target torque of the. motor 20, 
based on a preset table. The setting of the voltage takes 
a negative value under the condition of the regenerative 
operation of the motor 20, while taking a positive value 
under the condition of the power operation of the motor 

35 20. The CPU regulates the on-off state of each transistor 
included in the driving circuit 40 to ensure application of 
the specified voltage to the coils. The PWM control is a 
known technique and is thus not specifically discussed 
here. 

40 [0207] The hybrid vehicle of the embodiment iterative- 
ly carries out the speed reduction control routine dis- 
cussed above, so as to effect the braking control by the 
power source braking. The hybrid vehicle may also carry 
out the braking control by the wheel braking in combi- 

^5 nation with the braking control by the power source brak- 
ing. 

[0208] The hybrid vehicle of the embodiment dis- 
cussed above changes over the position of the change- 
speed gear in the transmission 100 according to the 

50 map shown in Fig. 11 and regulates the torque of the 
motor 20, thereby attaining the braking control at a de- 
sired deceleration in a wide range corresponding to a 
driver's requirement. This arrangement ensures braking 
and acceleration of the vehicle with the minimum fre- 

55 quency of the change of the foot position between the 
accelerator pedal and the brake pedal, thus significantly 
improving the operatability of the vehicle. Applicability 
of the power-source braking in a wide range enables the 
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kinetic energy of the vehicle to be recovered efficiently, 
thus improving the energy efficiency of the vehicle. 
[0209] The hybrid vehicle of the embodiment varies 
the target torque of the motor 20 according to the accel- 
erator position and thereby regulates the deceleration 
to be effected, as discussed previously with Figs. 24 and 
25. This arrangement enables the driver to readily carry 
out minute adjustment of the deceleration by the power 
source braking. In many cases, the required decelera- 
tion is frequently changed according to the driving state 
of the vehicle, in the hybrid vehicle of the embodiment, 
the deceleration by the power source braking may read- 
ily be regulated according to the operation of the accel- 
erator pedal 74. The deceleration can thus be regulated 
quickly according to a variation tn required braking force. 
The hybrid vehicle of the embodiment significantly en- 
hances the effects of the power source braking. 
[0210] Fig. 26 shows regulation of the deceleration by 
the change of the~ accelerator position : The deceleration 
to be _ effected is plotted as abscissa, and the position of 
the change-speed gear in the transmission 100 is plot- 
ted as ordinate. An area A in the graph is discussed first. 
The deceleration set by the driver according to the initial 
setting process routine (see Fig. 17) is specified by a 
straight line LA on the right end of the area A. This cor- 
responds to a reference deceleration having the accel- 
erator position correction coefficient AK equal to 1 . The 
braking torque by the motor 20 is varied according to 
the accelerator position, so that the deceleration is ef- 
fected in a specific range corresponding to the hatched 
area A in Fig. 26. The driver changes the step-on 
amount of the accelerator pedal 74 in the course of the 
braking control, thus Implementing minute adjustment 
of the deceleration in the range of the area A. 
[0211] When a greater deceleration or a smaller de- 
celeration than the deceleration in the area A is required, 
the driver operates the Decel switch or the Can-Decel 
switch to change the reference deceleration. For exam- 
ple, in the case of requirement of a greater deceleration, 
the operation of the Decel switch shifts the reference 
deceleration from the straight line LA in the area A to a 
straight line LB in another area B. Changing the step-on 
amount of the accelerator pedal 74 under such condi- 
tions varies the deceleration in the range of the area B. 
The deceleration is roughly set by the operations of the 
Decel switch and the Can-Decel switch, and is minutely 
adjusted according to the accelerator position. This ar- 
rangement enables the driver to readily set a desired 
deceleration. The hybrid vehicle of the embodiment thus 
enhances the effects of the power source braking and 
significantly improves the operatability of the vehicle. 
[0212] In the hybrid vehicle of the embodiment, the 
reference deceleration is set not to require the change- 
over of the position of the change-speed gear, even 
when the deceleration is varied according to the accel- 
erator position. In the map of Fig. 26 : all the decelera- 
tions in the area A are attainable at the third speed (3 rd ) , 
whereas all the decelerations in the area B are attaina- 



ble at the second speed (2 nd ). It is assumed that the 
reference deceleration set by the operations of the De- 
cel switch and the Can-Decel switch is specified by a 
straight line LC1 , when the allowable setting range of 
5 the deceleration according to the accelerator position is 
relatively wide as in an area C in the map of Fig. 26. The 
deceleration corresponding to the straight line LC1 is at- 
tained at the fourth speed (4 th ), whereas the minimum 
deceleration corresponding to a straight line LC2 is at- 
10 tained at the fifth speed (5 th ). Changeover of the position 
of the change-speed gear is required for adjustment of 
the target deceleration in the area C according to the 
accelerator position. The changeover may cause the oc- 
currence of a shock during the braking control and dairi- 
es age the ride of the vehicle. The arrangement of the em- 
bodiment sets the reference deceleration not to require 
the changeover of the position of the change-speed 
gear in the course of the braking control by taking into 
account the variable range of the deceleration according 
20 to the accelerator position. The hybrid vehicle of the em- 
bodiment thus attains the braking control without dam- 
aging the ride. 

[0213] In the hybrid vehicle of the embodiment, the 
correction coefficient AK is set to attain a discrete large 

25 deceleration in the full closed position of the accelerator 
pedal as shown in Fig. 25. The driver generally sets the 
operating amount of the accelerator pedal equal to zero, 
that is, sets the accelerator pedal in OFF position, when 
requiring relatively abrupt braking. The braking control 

30 at a large deceleration in the full closed position of the 
accelerator pedal ensures the deceleration suitable for 
the driver's feeling. 

[0214] The setting of Fig. 25 may be modified to con- 
tinuously vary the correction coefficient from the value 

35 '1 .0' in the full closed position of the accelerator pedal 
with a variation in accelerator position. In this case, how- 
ever, the rate of change of the correction coefficient is 
relatively steep and makes minute adjustment of the de- 
celeration rather difficult. The setting of the correction 

40 coefficient in this embodiment ensures the sufficient lev- 
el of the deceleration in the full closed position of the 
accelerator pedal, while allowing minute adjustment of 
the deceleration in other accelerator positions. 
[0215] The technique adopted in this embodiment 

45 specifies the target torque Tm of the motor 20 based on 
the reference deceleration and then corrects the target 
torque Tm according to the accelerator position. Anoth- 
er applicable procedure sets the target deceleration 
based on both the reference deceleration and the ac- 

so celerator position and then calculates the target torque 
Tm of the motor 20. 

[0216] The embodiment regards the hybrid vehicle in 
which the driver may adjust the deceleration through the 
operations of the Decel and Can-Decel switches. The 
55 principle of the present invention is also applicable to 
the hybrid vehicle without such a manipulation unit for 
adjustment. The hybrid vehicle of the embodiment reg- 
ulates the position of the change-speed gear in the 
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transmission 100 in combination with the torque of the 
motor 20, thus attaining the power source braking in a 
wide range. The technique ot the present invention may, 
however, also be applicable to a hybrid vehicle without 
the transmission 100. 

[0217] The above embodiment regards the parallel 
hybrid vehicle in which the engine 10 is directly linked 
with the motor 20 and is connected with the axle 17 via 
the transmission 1 00. The principle of the present inven- 
tion is, however, applicable to any parallel hybrid vehi- 
cles of various configurations, in which the output from 
the engine is directiy transmittable to the axle. 

(4) Second Embodiment 

[021 8] The first embodiment describes the parallel hy- 
brid vehicle in which the engine 10 is directly linked with 
the motor 20 and is connected with the axle 17 via the 
transmission 1 00. The principle of the present invention 
-is also applicable, to series, hybrid- vehicles of various 
configurations, in which the output of the engine is not 
directly transmitted to the drive shaft but is used only for 
power generation. An example of such application is dis- 
cussed below as a second embodiment. 
[0219] Fig. 27 shows the structure of a series hybrid 
vehicle. In the series hybrid vehicle, a motor 20A as the 
power source is connected with an axle 1 7A via a torque 
converter 30A and a transmission 1 00A. An engine 1 0A 
is not connected with the axle 17A but is linked with a 
generator G. The motor 20A is connected to a battery 
50A via a driving circuit 40A. The generator G is con- 
nected with the battery 50A via a driving circuit 41 . The 
driving circuits 40A and 41 are constructed as transistor 
inverters like the driving circuit of the first embodiment. 
The operations of these driving circuits 40A and 41 are 
controlled by a control unit 70A. 

[0220] In the series hybrid vehicle of this configura- 
tion, the power output from the engine 1 0A is converted 
to electric power by means of the generator G. The elec- 
tric power is accumulated in the battery 50A while being 
used to drive the motor 20A. The vehicle is driven with 
the power of the motor 20A. The motor 20A outputs a 
negative torque as the.braking force, so as to effect the 
power-source braking. Like the parallel hybrid vehicle of 
the first embodiment, the series hybrid vehicle of this 
embodiment with the transmission 100A regulates the 
position of the change-speed gear in combination with 
the torque of the motor 20A, thus attaining the deceler- 
ation in a wide range set according to a driver's require- 
ment. 

[0221] In the hybrid vehicle of the first embodiment, 
the target torque of the motor 20 is calculated by sub- 
tracting the braking torque by the engine brake from the 
total torque to be output to the axle 17. In the hybrid 
vehicle of the second embodiment, on the other hand, 
the braking force by the engine brake is equal to zero, 
so that the braking torque to be output to the axle 1 7A 
is coincident with the target torque of the motor 20A. 



[0222] The principle of the present invention is appli- 
cable to a vehicle using only the motor as the power 
source. The structure of such a vehicle corresponds to 
the structure of the series hybrid vehicle shown in Fig. 

5 27 without the engine 1 0A, the generatorG , and the driv- 
ing circuit 41 . Like the hybrid vehicles of the first and the 
second embodiments, the deceleration set according to 
a driver's requirement may be attained in a wide range 
by regulating the position of the change-speed gear in 

10 combination with the torque of the motor 20A linked with 
the axle in this vehicle. 

(5) Third Embodiment 

15 [0223] The above embodiments regard the hybrid ve- 
hicle having the engine and the motor as the available 
energy output source for driving. The principle of the 
present invention is applicable to a variety of vehicles of 
various configurations that enable regenerative braking 
rby the motorrForexample, the technique oHhe present 
invention may be applied to a vehicle that uses a motor 
mainly to drive auxiliary machinery while the engine is 
at a stop, to start the engine, and to effect the regener- 
ative braking, and does not use the motor, in principle, 
as the power source for driving. An example of such ap- 
plication is described below as a third embodiment of 
the present invention. 

[0224] Fig. 28 schematically illustrates the structure 
of a vehicle in the third embodiment. This vehicle has 
an engine 31 0 as the power source for driving. The pow- 
er of the engine 310 is transmitted for driving in the se- 
quence of a torque converter 330, a transmission 335, 
the drive shaft 15, the differential gear 16, and the axle 
17. The structures of the torque converter 330 and the 
transmission 335 are identical with those of the torque 
converter 30 and the transmission 100 in the first em- 
bodiment. 

[0225] In the vehicle of the third embodiment, a pulley 
31 6 is connected with a crankshaft of the engine 31 0 via 
a clutch 314. The pulley 316 is further connected with 
auxiliary machinery 312 and a motor 320 via a power 
transmission belt 318 that allows mutual power trans- 
mission. The auxiliary machinery 312 includes a com- 
pressor of an air conditioner and an oil pump for power 
steering. The motor 320 is a synchronous motor and is 
driven with a battery 350 as the electric supply through 
switching operations of an inverter 340 working as a 
driving circuit. The motor 320 is also rotated by an ex- 
ternal force to function as a generator. 
[0226] The operations of the respective constituents 
included in the vehicle of the third embodiment are con- 
trolled by a control unit 370. Although not being illustrat- 
ed specifically, signals from various switches and sen- 
sors, for example, the accelerator pedal position sensor, 
that enable the driver to specify the speed reduction rate 
are input into the control unit 370 in the same manner 
as discussed in the first embodiment. 
[0227] The following describes general operations of 
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the vehicle of the third embodiment. As mentioned pre- 
viously, the vehicle is driven with the power of the engine 
310. During the drive, the clutch 314 is coupled, so as 
to cause the auxiliary machinery 312 to be driven with 
the power ot the engine 31 0. 

[0228] While the clutch 314 is coupled, the motor 320 
is rotated via the power transmission beit 31 8, so that 
the vehicle is braked by the regenerative operation of 
the motor 320. 

[0229] When the vehicle stops even temporarily, for 
example, at a traffic light, the control unit 370 stops the 
operation of the engine 31 0. At the same time, the con- 
trol unit 370 releases the clutch 314, so as to cause the 
motor 320 to carry out the power operation and drive the 
auxiliary machinery 312 with the power of the motor 320. 
In order to start driving the vehicle that has just been at 
a stop, the control unit 370 couples the clutch 314 to 
crank the engine 310 with the power of the motor 320 
- and start the engine 31 0. During the drive; the power of 
the motor 320 is used, in principle, only tor cranking the 
engine 31 0. One possible modification continues the op- 
eration of the motor 320 to assist the power at the time 
of starting the vehicle, until the vehicle reaches a preset 
vehicle speed. 

[0230] The vehicle of the third embodiment stops the 
operation of the engine 31 0 while the vehicle is at a stop. 
This arrangement effectively saves the fuel consump- 
tion. 

[0231] The vehicle of the third embodiment enables 
the regenerative braking by the motor 320 and thus 
readily attains the speed reduction corresponding to the 
step-on amount of the accelerator pedal like the first em- 
bodiment The connection ot the motor 320, the engine 
310, the torque converter 330, and the transmission 335 
under the coupling condition of the clutch 314 is equiv- 
alent to the connection in the f irst embodiment, from the 
viewpoint of the application of the braking force. The se- 
ries of control processing discussed in the first embod- 
iment is accordingly applied for the braking control ex- 
ecuted in the vehicle of the third embodiment. The 
torque by the regenerative braking of the motor 320 is 
transmitted to the drive shaft 15 via the transmission 
335. Like the first embodiment, regulation of the trans- 
mission 335 in combination with the torque of the motor 
320 enables the speed reduction rate to be adjusted in 
a wide range. 

[0232] As described above, the present invention is 
not restricted to the vehicle with the motor mounted ther- 
eon for driving. The third embodiment regards the struc- 
ture in which the braking torque of the motor 320 is trans- 
mitted to the drive shaft 1 5 via the transmission 335. The 
vehicle may, however, have a motor for regenerative 
braking that is directly connected with the drive shaft 1 5. 

(6) Fourth Embodiment 

[0233] In the respective embodiments discussed 
above, the relationship between the accelerator position 



and the speed reduction rate or the braking torque is 
determined, irrespective of the operation of the brake 
pedal. The relationship may alternatively be changed 
according to the operation of the brake pedal. In the em- 

5 bodiment discussed above, the braking control is car- 
ried out at the coupling position of the lockup clutch 31 . 
As described previously, the coupling state of the lockup 
clutch 31 may be controlled according to the driving 
state of the vehicle. Such control is discussed below as 

10 a fourth embodiment of the present invention. 

[0234] Fig. 29 is a flowchart showing a speed reduc- 
tion control routine executed in the fourth embodiment. 
The vehicle of the fourth embodiment has the same 
structure as that of the first embodiment. Like the first 

15 embodiment, the control unit 70 executes the speed re- 
duction control routine to effect the power source brak- 
ing of the vehicle. 

[0235] When the program enters the speed reduction 
control routine, the CPU first receives input signals (step. 

20 S310). In the same manner as the first embodiment, af- 
terthe preset initialization process, the procedure inputs 
a variety of signals required forthe speed reduction con- 
trol. The signals input in the fourth embodiment include 
the signal representing the step-on amount of the brake 

25 pedal, as well as the signals representing the accelera- 
tor position, the vehicle speed, and the gearshift posi- 
tion. The procedure of the fourth embodiment changes 
the process of braking control according to the on-off 
state of the brake pedal (step S312). 

30 [0236] When the brake pedal is in the ON state, the 
braking control follows the processing of steps S31 6 to 
S320. The process specifies a brake correction coeffi- 
cient BK, sets a target deceleration aT by taking into 
account the correction coefficient BK, and controls the 

35 torque of the motor 20, the gear ratio, and the lockup 
clutch 31 to attain the setting of the target deceleration 
aT. 

[0237] In the procedure of the fourth embodiment, the 
brake correction coefficient BK is set in the following 

40 manner to attain the greater deceleration in the ON state 
of the brake pedal than the deceleration in the OFF state 
of the brake pedal. Fig. 30 shows an example of settings 
of the braking torque in the fourth embodiment. When 
the accelerator pedal is in the range of play, the braking 

45 torque is set according to the accelerator position in the 
range of an area AP. At the full closed position of the 
accelerator pedal, the setting of the braking torque is 
significantly greater than the area AP. In the illustrated 
example, the gearshift position is set at the fifth speed. 

50 At the full closed position of the accelerator pedal, the 
setting of the braking torque is in a range about the brak- 
ing torque on a solid line 5 th , which is defined by the 
broken lines. The braking torque may be varied by the 
operations of the Decel and Can-Decel switches as dis- 

55 cussed in the above embodiment. Step-on of the brake 
pedal enhances the regenerative braking force of the 
motor to shift the braking torque from the solid line 5 th 
to another straight line Bon. The braking torque on the 
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straight line Bon does not include the braking torque by 
the wheel braking, which is effected by the operation of 
the brake pedal. The braking torque actually applied to 
the vehicle thus further increases according to the step- 
on amount of the brake pedal. The driver generally re- 5 
quires an increase in deceleration when stepping on the 
brake pedal. The arrangement of varying the braking 
force of the power source braking according to the op- 
eration of the brake pedal as shown in Fig. 30 attains 
the braking control suitable 1or the driver's feeling. The 10 
procedure discussed here varies the setting of the brak- 
ing torque according to the operation of the brake pedal. 
One possible modification may set the braking torque in 
the pluralistic manner by taking into account a diversity 
of other parameters, such as the vehicle speed and the 15 
gearshift position. 

[0238] The target deceleration aT is set by multiplying 
the deceleration, which is specified by taking into ac- 
count a variety of factors including the gearshift position 
and-the vehicle speea\as discussed in the -first.. embod-- . .20.- 
" im'erit, by 'trie "brake "correction coefficient BK. In the pro- 
cedure of the fourth embodiment, the target decelera- 
tion aT is set by multiplication of the brake correction 
coefficient BK =1 in the OFF state of the brake pedal 
and by multiplication of the brake correction coefficient 25 
BK =1 .1 in the ON state of the brake pedal. 
[0239] The process of the control (step S320) to attain 
the setting of the target deceleration is similar to that of 
the first embodiment. The difference from the first em- 
bodiment is that the procedure of the fourth embodiment 30 
regulates the coupling state of the lockup clutch 31 . The 
following describes the regulation of the lockup clutch 
31. Fig. 31 Is a graph showing the acceleration of the 
vehicle plotted against the accelerator position. Only the 
acceleration by the power source braking is shown in 35 
this graph. 

[0240] Like the vehicle of the first embodiment, the ve- 
hicle of the fourth embodiment is subjected to the brak- 
ing control by the power source braking, that is, exposed 
to a negative acceleration, when the accelerator posi- 40 
tion is not greater than a predetermined value 9A. As 
described previously, the negative acceleration by the 
power source braking is varied according to the vehicle 
speed and is defined by a hatched area in Fig. 31. An 
upper limit VL is the acceleration at low speed, and. a *s 
lower limit VH is the acceleration at high speed. 
[0241] When the accelerator position reaches a pre- 
set level 9B, which is a little smaller than 9A, the control 
procedure makes the lockup clutch 31 coupled. In the 
range of the accelerator position that is smaller than the so 
preset level 8B, the lockup clutch 31 is kept in the fully 
coupled state. The arrangement of setting the acceler- 
ator position 9B to couple the lockup clutch 31 immedi- 
ately after the start of the braking control by the power 
source braking with a decrease in accelerator position ss 
during a drive enables the braking control by the power 
source braking to be well suited to the driver's image. In 
the ON state of the brake pedal, the accelerator position 



is generally set equal to zero. The control procedure 
thus makes the lockup clutch 31 coupled according to 
the map of Fig. 30. 

[0242] The control of step S320 is carried out under 
.the condition that the regulation of the gearratio has the 
lowest priority. The control procedure first regulates the 
lockup clutch 31 according to the accelerator position 
and then the torque of the motor 20 to attain the target 
deceleration aT according to the coupling state of the 
lockup clutch 31 . The control procedure increases the 
gear ratio by one step only when the maximum braking 
torque by the motor 20 can not attain the target decel- 
eration aT. The control process with such a priority order 
effectively prevents the frequent change of the gear ra- 
tio. 

[0243] When the brake pedal is in the OFF state, on 
the other hand, the program carries out the similar con- 
trol process to that of the first embodiment. When the 
accelerator position is in the effective range, that is, not 

- Iess4han the predetermined value 6 A in the map of Fig. 

""3D"lsfep"S31^ J, the bfakin'glfontrol by the power source 
braking is not required. The program thus immediately 
exits from the speed reduction control routine without 
any further processing. When the accelerator position 
is less than the effective range (step S314), on the other 
hand, the program follows the processing of steps S322 
to S326 to implement the braking control by the power 
source braking. 

[0244] In the similar manner to that of the first embod- 
iment, the process specifies the correction coefficient 
AK according to the accelerator position (step S322) 
and sets the target deceleration aT by taking into ac- 
count the correction coefficient AK (step S324). This se- 
ries of processing is identical with that of the first em- 
bodiment and is not specifically described here. 
[0245] The process then regulates the torque of the 
motor 20 and the lockup clutch 31 to attain the setting 
of the target deceleration aT (step S326). The gear ratio 
is not the target of regulation in the OFF state of the 
brake pedal. As In the case of the ON state of the brake 
pedal (step S320), the lockup clutch 31 is regulated ac- 
cording to the map of Fig. 30 and is coupled in the range 
of the accelerator position that is not greater than 9B. 
[0246] The gear ratio is not regulated in this state, be- 
cause of the reason discussed below. In the case of the 
braking control in the OFF state of the brake pedal, ac- 
celeration of the vehicle is typically required immediately 
after the braking control. There is accordingly a high 
possibility that the gear ratio changed during the braking 
control is required to immediately change again to a lev- 
el suitable for acceleration. The arrangement of not reg- 
ulating the gear ratio for the braking control in the OFF 
state of the brake pedal advantageously prevents the 
gear ratio from being changed frequently. As in the case 
of the braking control in the ON state of the brake pedal, 
the procedure may give the lowest priority to regulation 
of the gear ratio. 

[0247] The vehicle of the fourth embodiment dis- 
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cussed above varies the deceleration according to the 
on-off state of the brake pedal, thus attaining the braking 
control suited to the driver's feeling. Regulation of the 
lockup clutch 31 in the above manner further enhances 
the suitability to the driver's feeling. Selected execution 
of regulation of the gear ratio according to the on-off 
state of the brake pedal further ensures the braking con- 
trol that matches the driver's feeling. 
[0248] The procedure of the fourth embodiment car- 
ries out the binary control, that is, couples or releases 
the lockup clutch 31 . The lockup clutch 31 may be cou- 
pled under the slipping condition of the torque converter 
30. The strength of the coupling force may be regulated, 
based on some parameters, for example, the vehicle 
speed. In such cases, the control procedure regulates 
the braking torque of the motor 20 according to the cou- 
pling force of the lockup clutch 31, so as to attain the 
target deceleration. An example of regulating the torque 
of the^ motor 20 is shown in Fig. 32. 
[0249] Fig. 32 shows the relationship between the ac- 
celerator position and the motor torque. The power 
source braking is effective in a specific range of the ac- 
celerator position that is not greater than 0A. The motor 
20 accordingly outputs a negative torque in this range. 
Here it is assumed that the coupling force of the lockup 
clutch 31 is flexibly regulated. When the lockup clutch 
31 is fully coupled, the torque of the motor 20 is trans- 
mitted as the braking force to the drive shaft without any 
loss. The braking torque of the motor 20 should thus be 
required to have a relatively small absolute value. When 
the lockup clutch 31 is in the released state, on the other 
hand, the braking torque of the motor 20 should have a 
relatively large absolute value. The output torque of the 
motor 20 is thus varied in a hatched area according to 
the coupling state of the lockup clutch 31 . An upper limit 
UL of the torque corresponds to the fully coupled state 
of the lockup clutch 31 , and a lower limit LL corresponds 
to the released state. Application of a map that specifies 
the braking torque of the motor 20 according to the cou- 
pling state of the lockup clutch 31 facilitates the achieve- 
ment of the target deceleration. 

(7) Other Modifications 

[0250] In the embodiments discussed above, the driv- 
er specifies the setting of the target deceleration. The 
speed reduction rate is, however, not restricted to the 
deceleration, but a braking force or a braking rate ap- 
plied to the wheels may be set to the speed reduction 
rate. The above embodiments regard the process of 
controll ing the regenerative braking by means of the mo- 
tor with the target torque as the parameter. A variety of 
other braking force-related parameters may, however, 
be used in place of the target torque. For example, the 
electric power generated by the regenerative braking or 
the electric current flowing through the motor may be 
used as the parameter of the control. 
[0251] The embodiments described above use the 



transmission 100 that changes the gear ratio in a step- 
wise manner. Any other suitable structure, for example, 
a mechanism of continuously varying the gear ratio, may 
be employed for the transmission 100. 

5 [0252] The present invention is not restricted to the 
above embodiments or their modifications, but there 
may be many other modifications, changes, and altera- 
tions without departing from the scope or spirit of the 
main characteristics of the present invention. In one 

10 possible modification, the variety of control processing 
discussed in the above embodiments may be actualized 
by the hardware configuration. Another modification 
carries out only part of the variety of control processing 
discussed in the above embodiments. 

15 

Industrial Applicability 

[0253] The technique of the present invention is ap- 
plied to arbitrarily regulate the speed reduction rate in 
20 the course of braking control in the vehicle that is braked 
with the torque of the motor. 



Claims 

1 . A vehicle that is driven while regulating power out- 
put from a power source to a drive shaft through an 
operation of an accelerator unit, said vehicle com- 
prising: 

a motor that is capable of applying a braking 
force to said drive shaft; 
a detection unit that measures an operating 
amount of said accelerator unit; 
a target speed reduction rate setting unit that, 
when the observed operating amount of said 
accelerator unit is not greater than a predeter- 
mined level, sets a target speed reduction rate 
of said vehicle corresponding to the observed 
operating amount, based on a preset relation- 
ship between operating amount and speed re- 
duction rate; 

a motor driving state specification unit that 
specifies a target driving state of said motor to 
apply a required braking force to said drive 
shaft, in order to attain the setting of the target 
speed reduction rate; and 
a control unit that controls said motorto be driv- 
en in the target driving state, so as to brake said 
vehicle. 

2. A vehicle in accordance with claim 1 , wherein the 
predetermined relationship referred to by said tar- 
get speed reduction rate setting unit increases the 
speed reduction rate with a decrease in operating 
amount. 

3. A vehicle in accordance with claim 2, wherein the 
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predetermined relationship referred to by said tar- 
get speed reduction rate setting unit decreases the 
speed reduction rate inversely proportional to the 
operating amount. 

5 

A vehicle in accordance with claim 1 , wherein the 
predetermined relationship referred to by said tar- 
get speed reduction rate setting unit gives a signif- 
icantly greater speed reduction rate in a specific 
state practically corresponding to the operating 10 
amount of zero than speed reduction rates in resid- 
ual states. 

A vehicle in accordance with claim 1 , said vehicle 
further comprising: . 15 

a braking mechanism that utilizes mechanical 
frictional force, 

: - wherein -the jDredeteimined relationship- re— 20 
i erredtoby sa'idTarget speed reduction" rate setting 
unit is specified according to an operating state of 
said braking mechanism, so that a speed reduction 
rate by said motor in an operating state of said brak- 
ing mechanism is greater than a speed reduction 25 
rate in a non-operating state. 

A vehicle in accordance with claim 1 , said vehicle 
further comprising: 

30 

a vehicle speed detection unit that measures 
vehicle speed of said vehicle, 

wherein said target speed reduction rate set- 
ting unit sets the target speed reduction rate, based 35 
on the observed operating amount and the ob- 
served vehicle speed. 

A vehicle in accordance with claim 1 , said vehicle 
further comprising: 40 

a transmission that is capable of selecting one 
among a plurality of different gear ratios in the 
course of applying a braking force and is inter- 
posed between said motor and said drive shaft; *5 
a selection unit that selects a target gear ratio 
to attain the target speed reduction rate with a 
torque of said motor; and 
a change speed control unit that controls said 
transmission to effect the target gear ratio. 50 

A vehicle in accordance with claim 7, wherein said 
target speed reduction rate setting unit sets the tar- 
get speed reduction rate, based on the observed 
operating amount and the target gear ratio. 55 

A vehicle in accordance with claim B, wherein the 
predetermined relationship referred to by said tar- 



get speed reduction rate setting unit is specified to 
cause a variable range of the speed reduction rate 
corresponding to the operating amount to be al- 
lowed in a fixed gear ratio of said transmission. 

10. A vehicle in accordance with claim 1, said vehicle 
being provided with said motor and an engine as 
the poser source. 

11. A vehicle in accordance with claim 1, said vehicle 
further comprising: 

a manipulation unit that is independent of said 
accelerator unit and enables a driver of said ve- 
hicle to specify a desired speed reduction rate 
in the course of braking control with said motor; 
and 

a change unit that changes a setting range of 
the target speed reduction rate of said vehicle 
- - according-to the operating amount of said ac-. 
ce I e rate- r tin it f "i n res poh se to™ ah ope rati o ri of 
said manipulation unit. 

12. A vehicle in accordance with claim 11, wherein said 
manipulation unit comprises a first switch that shifts 
the setting range in a stepwise manner in a direction 
of increasing the speed reduction rate, and a sec- 
ond switch that shifts the setting range in a stepwise 
manner in a direction of decreasing the speed re- 
duction rate. 

1 3. A vehicle in accordance with claim 12, wherein said 
first switch and said second switch are mounted on 
a steering wheel of said vehicle. 

14. A vehicle in accordance with claim 11 , wherein said 
manipulation unit comprises a mechanism that al- 
lows the driver to specify the desired speed reduc- 
tion rate by sliding a lever along a preformed slide 
groove. 

15. A vehicle in accordance with claim 14, wherein said . 
manipulation unit comprises a mechanism that en- 
ables setting of the speed reduction rate to be con- 
tinuously varied by a slide of said lever. 

16. A vehicle in accordance with claim 11 , said vehicle 
further comprising: 

a transmission that is capable of selecting one 
among a plurality of different gear ratios for 
power output from the power source; and 
a gearshift lever that is operated to input a se- 
lected gearshift position, which represents a 
selectable range of the gear ratio during a drive 
of said vehicle, 

wherein said manipulation unit and said gear- 
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shift lever have a common mechanism. 

17. A vehicle in accordance with claim 1 6, wherein said 
manipulation unit comprises a slide groove, along 
which said gearshift lever is slid during a drive of 
said vehicle, and another slide groove, along which 
said gearshift lever is slid to specify the desired 
speed reduction rate, these slide grooves being 
provided in series. 

18. A vehicle in accordance with claim 11 , said vehicle 
further comprising an information unit that gives the 
driver information regarding a setting state of the 
speed reduction rate. 

19. A vehicle in accordance with claim 1, said vehicle 
further comprising: 

a torque converter having a mechanism that 
converts the output power to another combina- 
tion of torque and revolving speed by utilizing 
a slip between two rotating members and trans- 
mits the converted power, and a lock mecha- 
nism that locks up relative rotations of the two 
rotating members to allow direct transmission 
of the output power, the mechanism and the 
lock mechanism being provided on a pathway 
for transmitting the braking force of said motor 
to said drive shaft; and 

a lock mechanism regulation unit that, when the 
observed operating amount of said accelerator 
unit is not greater than a predetermined value, 
regulates the lock mechanism to fall into a spe- 
cific state for restricting the slip between the two 
rotating members of said torque converter. 

20. A vehicle in accordance with claim 19, wherein the 
specific state locks up the relative rotations of the 
two rotating members. 

21 . A vehicle in accordance with claim 19, wherein the 
predetermined value is set in a range smaller than 
a specific operating amount to start braking control. 

22. A vehicle in accordance with claim 19, said vehicle 
further comprising: 



wherein said control unit regulates the gear 
ratio to allow selection of a greater gear ratio ex- 
ceeding the selectable range specified by said 
gearshift position input unit, when said mechanical 
5 braking mechanism is operated. 

23. A method of controlling a drive of a vehicle that is 
driven while regulating power output from a power 
source to a drive shaft through an operation of an 
10 accelerator unit, said vehicle being braked with a 
torque of a motor, 

said method comprising the steps of: 

(a) measuring an operating amount of said ac- 
15 celerator unit; 

(b) when the observed operating amount of 
said accelerator unit is not greater than a pre- 
determined level, setting a target speed reduc- 
tion rate of said vehicle corresponding to the 

20 observed operating amount, based on a preset 

relationship between operating amount and 
speed reduction rate; 

(c) specifying a target driving state of said mo- 
tor, in order to attain the setting of the target 

25 speed reduction rate; and 

(d) actuating said motor in the target driving 
state, so as to brake said vehicle. 
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a transmission that is capable of selecting one 
among a plurality of different gear ratios to 
transmit the braking force of said motor to said 50 
drive shaft; 

a gearshift position input unit that is manipulat- 
ed to specify a selectable range of gear ratio of 
said transmission; and 

a mechanical braking mechanism that is oper- 55 
ated to apply the braking force to said drive 
shaft by mechanical frictional force, 
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